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VJ  NDER  this  article  are  to  be  included  ail  thofe  ani-  Animaloils. 
mal  fubftances  that  have  an  unctuous  or  greafy  feel  when 
rubbed  between  the  fingers,  are  more  or  lefs  eafily  made 
to  inflame,  and  when  united  with  certain  bodies,  as  for 
inftance,  cauftic  alkalis,  form  foap  ;  an  acid  may  likewife 
be  extracted  from  theme  They  are  in  general  much  lefs 
fluid  than  the  fat  oils  of  plants,  and  fome  of  them  in  a 
concrete  ftate,  leem  to  have  undergone  a  fpecies  of  cryf- 
tallization. 

It  appears,  that  almoft  all  animal  fubftances  are  capa- 
ble of  being  converted  into  a  more  or  lefs  concrete  oil 
pofleffing  the  above  properties,  by  depriving  them  of  cer- 
tain of  their  component  parts  ;  this  takes  place  in  a  na- 
tural way  in  cemeteries,  where  large  heaps  of  animal  bo- 
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dies  are  amaffed  together;  or  this  effect  may  be  produced 
artificially,  as,J>y  means  of  the  nitrous  acid  ;  or  by  plac- 
ing animal  fubftances  in  fuch  a  fituation  as  to  give  the 
carbon  and  hydrogen  an  opportunity  of  forming  an  inti- 
mate union)  hence  in  the  diftillation of  animal  fubftances 
the  more  or  Ids  quantity  of  fluid  oil  obtained  is  faid  to  be 
owing  to  this  union  of  it's  two  component  parts  by  the 
aid  of  heat. 
Varieties.  The  oil  of  animals  differs  very  much  in  confidence  ; 
in  the  nerbivorous  and  frugivorous  tribes  it  is  firm  and 
folid,  and  is  called  fuet\  it  is  lefs  concrete  in  the  carnivo- 
rous .clafs,  ia  birds  and  in  the  pig,  in  which  it  is  called 
greaje  and  lard,  as  bear's  greafe,  goofe  greafc,  and  hog's 
lard  ;  it  is  ftill  lefs  fo  in  milk,  where  it  is  called  butter, 
and  in  the  bone,  called  marrow,  whilft  in  the  palmata  and 
cetacea  claffes,  and  in  fifli  it  is  nearly  fluid,  and  is  called 
blubber  and  oil.  It  is  likewife  lefs  folid  and  concrete  in 
the  living  than  in  the  dead  animal,  and  it  varies  .even 
according  to  the  parts,  thus  it  is  more  folid  near  the  kid- 
neys and  beneath  the  fkin,  and  lefs  firm  between  the 
irmfcular  fibres  or  near  the  moveable  vifcera,  fuch  as  the 
heart,  ftomach,  and  inteftines.  This  more  or  lefs  concrete 
irate  which  an  animal  oil  is  fubjeel;  to,  is  faid  to  be  ow- 
ing to  the  abforption  of  oxygen,  it  has  likewife  been  faid 
to  arife  more  particularly  in  fat  from  the  febacic  acid. 
Abounds  Animal  oil  is  found  to  vary  in  quantity  in  different  claffes 
™0rri^.e1^tfs  of  animals;'  On  comparing  the  quantity  of  it  with  the 
^animals  and  \m\\  0f  the  body,  it  is  more  abundant  in  the  cetaceous  clafs 
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than  in  amphibious  quadrupeds,  and  more  fo  in  the  laft 
than  in  the  frugivorous  clafs.  Carnivorous  animals  have 
the  eaft  quantity.  Laftly,  it  is  more  abundant  in  winter 
than  in  fummer,  and  appears  deftined  to  maintain  the 
"heat  in  thofe  regions  where  it  is  placed,  and  to  contribute 
to  the  nourifhment  of  animals,  as  is  obfervable  in  bears, 
the  mountain  rat, .  the  dormoufe,  and  in  general  in  all 
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animals  liable  to  long  abftinence.  In  man  and  fome 
other  animals  it  accumulates  internally  to  preferve  the 
heat  of  the  principal  organs  of  life  as  age  advances.  It 
is  found  more  abundantly  in  fome  parts  than  in  others. 
In  quadrupeds,,  and  birds,  and  in  the  human  body,  it  is 
depofited  in  pretty  considerable  quantity  near  the  kidneys, 
under  the  (kin,  in  the  orbits  of  the  eyes,  in  the  epiploon, 
and  fometimes  at  the  point  of  the  heart.  In  man  there 
is  none  about  .the  legs,  the  penis,  and  the  brain.  In  the 
cold-blooded  and  cetaceous  claries,  the  cavity  of  the 
cranium  forms  one  of  it's-refervoirs,  and  it  is  mixed  with 
the  parenchyma  of  the  liver.  According  to  Fourcroy,  it 
as  found  in  reptiles,  infe&s,  and  worms,  but  in  thefe  ani- 
mals it  only  accompanies  the  vifceraof  the  lower  belly, 
where  it  is  placed  in  the  form  of  knots,  whilft  on  the 
mufcles  and  under  the  (kin,  it  is  only  met  with  in  imall 
quantities.     It  forms  one  half  of  the  liver  of  the  ray. 

Having  made  thefe  preliminary  obfervations,  animal 
oils  may  be  divided  into  fpermaceti,  fat,  fijh  or  tbran  oil9 
and  the  empyreumatic  oil,  extracted  by  diftillation  from  all 
animal  fub (lances. 

Spermaceti,  This  white  fubftanee,  improperly  called  Spermaceti, 
fpermaceti,  is  a  concrete,  oily,  cryftalline  matter,  confiding 
of  fmall  mining  femitranfparent  fcales,  very  brittle,  of  a 
fatty  favour,  and  tallowy  imell.  It  is  found  in  very  large 
quantities  in  the  cranium  of  that  fpecies  of  fifti  called  by 
Linnaeus,  the  phyfeter  macrocephalus;  cacholot,  by  the 
French  ;  and  the  fpermaceti  whale,  by  the  Englilh  ;  it  is 
like  wife  found  in  lefs  quantity  in  the  phyfeter  catodone, 
micrope,  andcurfione. 

Since  this  matter  in  it's  natural  (late  is  mixed  with  a  Methods  of 
good  deal  of  oily  fubftanee,  the  cuftom  was  to  put  it  into  extra£hon- 
a  woollen  bag,  and  let  the  fluid  part  run  through,  or  make 
ufe  of  preflure,  whilft  the  more  fixed  oil  was  converted 
into  a  foap  by*  means  of  alkaline  afhes  and  lime  water, 
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and  then  Wafhtd  until  the  fpermaceti  was  deprived  of  all 
foreign  parts,  and  became  perfectly  white.  It  is  purified 
by  liquefaction,  and  melts  at  108°  of  Fahrenheit, 
it's  ftngultr  The  chemical  properties  of  this  fubftance  appear  to  be 
verv  lingular,  fmcc  on  the  one  fide  they  make  it  refemble 
the  fixed  oil,  and  on  the  other  the  volatile.  It  melts  at 
35°  of  Reaumur,  which  property  make*  it  very  conve- 
nient to  convert  into  candles,  the  more  (oy  on  account  of 
it's  burning  with  a  very  clear  white  flame,  without  any 
bad  odour.  In  North  America  very  large  quantities  of 
thefc  candles  ate  made.  We  ate  informed  by  Fourcroy, 
that  a  few  years  aoo,  Lepefcheux  cftablifbed  a  manufac- 
tory of  this  kind  in  the  Rue  PEchiquier,  Fauxbourg  St. 
Denis,  at  Paris ;  the  procefs  he  makes  ufe  of  confifts  in 
jetting  the  fifh  oil  repofe  in  wooden  cafks  lined  with  lead, 
and  at  the  bottom  of  thefe  cafks,  mafTes  of  fpermaceti  are 
precipitated,  which,  previoufly  diflblvcd  in  the  animal  oil, 
fe'parate  from  it  gradually  by  a  real  cryftallization.  In 
proportion  as  this  precipitation  takes  place,  the  oil  be- 
comes clear,  is  purified,  and  much  more  proper  for  lamps; 
when  the  oil  is  very  clear,  it  is  decanted  5  the  fpermaceti 
taken  from  the  bottom,  is  preifed  in  order  to  feparate  a 
portion  of  oil  which  adheres  to  it,  then  melted  by  a  gen- 
tle heat,  and  feveral  times  fubmitted  to  preiTure  and  fu- 
fion,  until  at  length  it  becomes  white,  cryftalline,  and  of 
a  filver  colour.  In  this  ftate  it  is  moulded  into  different 
kinds  of  candles,  which  are  of  a  fplendid  whitenefs,  and 
of  a  much  more  beautiful  tranfpareiicy  and  brilliancy 
than  wax.  They  are  alfo  manufactured  in  England.  Ex- 
pofed  to  a  warm  air,  fpermaceti  becomes  yellow  and  ran- 
cid, but  lefs  eafily  than  the  other  concrete  fixed  oils. 
The  water  in  which  it  has  been  boiled,  on  evaporation, 
gives  but  a  flight  mucofo-unctuous  refidue. 

Neumann  appears  to  have  been  the  only  one  of  the 
older  chemifts  who  had  chemically  inveftigated  this  fob- 
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fiance;  he  found  on  diftillation,  that  it  went  over  without 
leaving  any  refidue,  and  afforded  not  a  brown,  empyreu- 
matic,  (linking  oil,  but  a  butvraceous  one,  which  coagu- 
lated in  the  cold.  According  to  Thouvenel,  who  teems  to  Thouvenel 
have  appreciated  in  fome  meafure  the  relations  and  dif- 
ferences of  this  concrete  fubflance  with  refpeel:  to  the 
other  folid  oils,  it  affords  no  acid  phlegm  like  fixed  oils, 
bat  paffes  over  entirely,  and  without  undergoing  any 
change,  into  the  receiver,  from -the  time  it  begins  to  boil, 
leaving  in  the  retort  a  carbonated  trace,  By  repeating 
this  operation,  it  lofes  it's  folid  form,  and  remains  fluid, 
without  being  any  longer  volatile.  According  to  Mac-  Muojuer. 
quer,  it  gives  the  fame  products  as  butter.  According  to 
Crell,  who  has,  by  many  experiments  made  on  this  fub-  CrelL 
fiance,  added  greatly  to  the  knowledge  of  it's  nature  and 
compofition,  he  found,  that  by  diftilling  fome  good  white 
fpermaceti  on  a  fand  bath,  it  acquired  a  greater  heat  to 
make  it  pafs  over  than  what  is  neceffary  for  far ;  and  that 
he  obtained  a  coagulated  oil  which  appeared  partly  white, 
partly  of  a  brownim  colour  ;  that  on  repeated  diftillation, 
it  afforded  a  yellovvifh  acid,  became  in  part  more  fluid, 
but  coagulated  again  by  degrees  on  repofe,  by  which  it 
differed  from  the  oil  obtained  from  fat.  The  acid  which 
by  diftillation  became  colourlefs,  united  with  alkalis  and 
calcareous  earth,  and  afforded  the  fame  neutral  falts  as  the 
febacic  acid;  whilft  the  oil,  mixed  with  cauflic  ammonia, 
afforded  a  fpecies  of  foap. 

Neumann  had  alleged,  that  the  alkalis,  even  in  a  cauflic  A&ton  of 
flate,  had  no  action  on  fpermaceti,  and  it  was  in  vain  he  ?f#  *  ■  v'l'vn 
attempted  to  convert  it  into  a  foap^  Lewis  was  of  the 
fame  opinion;  and  Spielm arm  agreed  with  them  in  it's 
affording  no  foap.  Crell,  however,  who,  perceived  a  great 
fimilarity  between  fpermaceti  and  fat,  thought,  contrary 
to  the  opinions  of  the  above  chemifls,  that  it  might  be 
converted  into  a  foap  ;  and  he  fucceeded  fo.  as  to  form  a, 
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foap,  by  uniting  it  with  the  vegetable  alkali;  it  had  how- 
ever a  much  milder  favour  than  the  common  fort.  It  is 
founds  that  this  foap  becomes  folid  by  degrees  even  to 
friability. 

Although  it  has  been  faid,  that  acids  had  no  effect  upon 
it,  yet  the  concentrated  vitriolic  acid  diflblves  it,  changes 
it's  colour,  and  the  folution  is  precipitated  by  water,  like 
the  oil  of  camphor.  Achard  likewife  obtained  a  fperma- 
ceti  foap  by  means  of  the  vitriolic  acid  in  it's  diluted 
ftate,  which  was  decompofed  by  the  calx  of  lead,  and  by 
lime;  but  neither  by  lead  nor  tin,  nor  by  diftillcd  vine- 
gar. 

We  are  informed  by  Fourcroy,  that  it  unites  to  fulphur 
like  the  fixed  oil. 

Volatile  and  fixed  oils  diflblved  it  by  the  aid  of  heat. 

It  is  alfo  diflblved  by  alcohol  when  warm,  from  which 
it  falls  down  on  becoming  cool.  It  was  found,  that  one 
oz.  5  drachms  of  alcohol  at  38°  of  the  areometer,  took 
up  6  grains  of  fpermaceti,  but  on  cooling,  the  whole  was 
precipitated. 

JE*her  diflblves  it  without  heat. 

Such  are  the  properties  whish  fpermaceti  prefents  to 
the  chemift,  as  it  exifts  ready  formed  in  animals.  A  fur- 
ther inveftigation  of  this  fubftance  however  proves,  that 
it  is  not  peculiar  to  the  eetacea  clafs  ;  and  hence  that  it's 
Several fpe- name  is  now  mifapplied.  From  the  experiments,  more 
awItL1*^  particularly  of  Fourcroy,  it  appears,  that  this  concrete 
oily  body  forms  a  genus  in  the  animal  kingdom,  of  which 
there  are  feveral  fpecies.  It  appears,  that  it  is  even  very 
abundant  in  it,  forming  an  oil  which  peculiarly  belongs 
to  it,  fince  nothing  of  a  fimilar  nature  has  been  difeover- 
ed  amongft  vegetables.  Thefe  fpecies,  as  Fourcroy  calls 
them,  are  found  to  be  produced  either  by  the  natural  de- 
compofition  of  animal  fubftances,  by  the  effects  of  dif- 
eafe,  or  by  the  artificial  means  which  chemiftry  affords. 
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lft.  The  iirft  fnecies  of  fpermaceti  is  that  peculiar  con-  l.Thatpro- 

.  r         *  ...      ^uced  by 

crefcible  oil,  which  Fourcroy  found   to  be  united  in  dif-  putrefaction. 
ferent  proportions  with  ammonia,  fo  as  to  form  a  fat  foapy 
matter  in   the  common  pits  of  the  churchyard  of  the 
Innocents,  at  Paris.     It  appears  to  be  very  different  from 
all  other  known  oily  bodies.     This  concrete  oil  feparates 
fpontaneoufly  from  the  ammonia  bv  the  heat  of  the  at- 
mofphcre,  and  is  found  ifolated  in  lamella  or  yellowifli 
pellucid  fragments  in  the  mafles  of  foap  expofed  to  the 
air.     It  may  likewife  be  feparated  by  means  of  acids, 
and  it  was  in  this  manner  that  Fourcroy  obtained  it,  in 
order  to  examine  it's  properties.     When  feparated  from 
the  fatty  foap  by  acids,  it  always  retains,  more  or  lefs,  the 
water  either  of  the  foap  or  acid,  which  being  lodged  be- 
tween it's  particles,  gives  it  a  more  or  lefs  white  colour, 
agranular  texture,  and  great  lightnefs;  and  this  character 
is  much  better  marked  in  it,  than  in  any  other  fpecies  of 
oil  hitherto  known.     This  extreme  avidity  to  retain  wa-  jt>s  ^at 
ter  appears  to  belong  to  the  primitive  foapy  ilate  of  this  avidlty  to 
fubftance ;  a  part  of  it  is,  however,  to  be  feparated  either 
by  fufion  or  by  expofing  it  in  fmall  flakes  to  the  dry  air, 
and  if  it  be  again  melted,  after  this  laft  experiment,  it 
is  commonly  much  lefs  white  than  before,  and  lofes  it's 
granular  texture.     Thfc  degree  likewife  of  concentration 
of  the  acids  employed  to  feparate  it,  changes' it's  proper- 
tics.    In  general,  every  acid  that  is  weak  and  diluted  with 
water  varies  it's  properties.-   Concentrated  fulphuric  acid,  Acidi  vaty 
by  expofing  a  portion  of  it's  carbon,  renders  it  blackiili,  t1|^plop,r" 
of  which  hue  it  cannot  afterwards  be  deprived.     Strong 
nitric  acid  gives  it  a  lemon  colour,  which  it  preferves  a 
long  time  againfl  the  action  of  the  air  and  light.     The 
muriatic  acid  leaves  it  unchanged,  with  it's  white  colour. 
The  acetous  acid  the  fame.     To  procure  this  fubftance  as  Method  of 
white  as  poffible,  the  foap  muft  be  fir  ft  diflblved  or  tern-  Wwch,n« i: 
pcred  with  12  times  it's  weight  of  hot  water,' and  then  be 

JJ  4 
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decompofed  by  the  acid.     The  concrete  animal  oil  thus 
prepared,  appears  to  be  very  white  as  long  as   it's  flakes 
retain  water,  but  in  proportion  as  they  become  dry  by 
the  contact  of  the  air,  or  efpecially  when  mel^d  to  be 
united  in  one  mafs,  it  then  becomes  of  a  brownifh  or  yeU 
lowifh  grey  colour,  and  this  fhade  appears  in  almoft  all 
the  operations  it  is  made  to  undergo.     Fourcroy  attempt- 
ed to  bleach  it  by  expofure  to  the  air,  without  effect,  but 
the  oxygenated  muriatic  acid  in  large  quantity  kept  in 
contact  with  it  60  davs,  gave  it  a  fufficiently  beautiful 
white  colour,  which  however  foen  diflipated  on  melting, 
and  was  replaced  by  the  dirty  yellow  fhade. 
It's  proper-      With  refpect  to  the  properties  of  this  concrete  oil,  it 
is  of  a  granular  texture,  and  foft  to  the  touch  when  it  con- 
tains water ;   on  being  prefled  between  the  fingers,  the 
grains  feparate  by  giving  way,  but  bv  the  heat  of  the 
Compared    hand  it  foon  becomes  ductile.     When  dry,  and  deprived 
reti  and      of  water,  it  is  of  alamellated  cryftalline  texture,  if  fuffered 
to  grow  gradually  cool ;  if  it  becomes  fuddenly  cool  it's 
grain  is  compact;  in  the  firft  cafe  it  refembles  fpermaceti, 
in  the  fecond  it  is  analogous  to  wax  ;  hence  the  reafon  of 
it's  being  called  by  both  thefe  names.     In  both  dates  of 
cryftallization,  whether  granular  or  lamellated,  when  well 
dried,  it  is  foporous,  breaking  with  a  map  like  wax  ;  the 
firft  of  thefe  analogies  however  is  much  better  pronourrced 
than  the  fecond,  and  it  is  with  fpermaceti  that  it  has  al- 
ways appeared  to  Fourcroy  to  have  the  neareft  relation. 
Like  it,  it  is  fmooth,  greafy^  and  unctuous  to  the  touch  ; 
it  has  neither  the  dry  nor  the  hard  feel  of  wax;  it  does  not 
break  as  wax  does,  but  is  lamellated  and  mining  like  fper- 
maceti; it  is  not  ductile  like  bees  wax,  but  crufhes  like  the 
other.     It  melts  however  si  a  lefs  heat  by  3°  than  fperma- 
ceti /.  e,  at  42°  of  Reaum.     It  alfo  became  cool  and  fix- 
ed much  fconer,  was  harder,  and  more  fenfibly  brittle. 
Well  purified  and  wafhed,  it  has  fcarcely  any  odour^ 
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whilft  fpermaceti  lias  a  peculiar  one.  Like  fpermaceti, 
it  is  foluble  in  alcohol  by  means  of  heat ;  but  in  propor- 
tions and  with  appearances  fomewhat  different.  One 
ounce  of  alcohol  between  39  and  40°  of  Reaumur's  areo- 
meter difTulved  at  the  boiling  point  12  drachms  of  this 
concrete  oil,  whilft  the  fame  quantity  of  alcohol  at  the 
fame  temperature,  only  difTolves  from  30  to  36  grains  of 
fpermaceti.  When  the  alcoholic  folution  of  the  firft 
is  cool,  it  becomes  a  concrete  granular  mafs,  in  which  the 
liquid  alcohol  is  not  feen.  If  the  proportion  of  this  laft 
be  increafed  fo  that  the  concrete  oil  only  makes  -4  of  it's 
weight,  thi!  matter  feparates  in  grains  or  cryflralline 
frocks,  and  there  only  remains  a  fcarcely  perceptible  quan- 
tity of  it  in  the  cold  alcohol.  Spermaceti,  likewife  dif- 
folvcd  in  alcohol,  is  precipitated  on  cooling,  but  it's  re- 
paration takes  place  much  fooner,  and  it  takes  a  much 
more  regular  and  crystalline  form. 

Ammonia  difTolves  this  concrete  oil  with  Angular  fa-  Ammonia 
cility,  and  even  in  the  cold,  whilft  fpermaceti  is  not  at 
a]]  diflolved  by  it  in  the  cold.  By  heat,  this  alkali  forms 
with  it  a  very  'frothy  foap,  the  folution  of  which  is 
clear  and  tranfparent,  bat  fpermaceti  never  produces  this 
effecl:  even  when  the  ammonia  is  in  excete. 

It  appears,  therefore,  that  this  concrete  oil  refembies 
fpermaceti  in  it's  form  more  than  any  olher  oily  fub- 
ftance,  but  that  it  differs  from  it  in  it's  very  tenacious 
colour,  it's  greater  fufibility,  it's  property  of  retaining 
water,  it's  being  twenty-four  times  more  foluble  in  alco- 
hol, and  in  ammonia.  Thefe  laft  qualities,  as  well  as  it's 
fonorous  brittle'quality ;  and  it's  often  granular  texture,  Has  the 
give  it  a  refemblance  to  wax  :  it  may  therefore  be  called  nH,nu'  ot 

P  '  J  adipuceruu* 

adipocerous  matter.  matter. 

A  concrete  oil,   analagous  to  fpermaceti,   was  likewife  a  fir 


imilaf 


extracted  by  Fourcroy  from   a  piece  of  a  human  liver  Cradled 
given  him  by  Poulletier  de  la  Salle';    it  had  been  fuf*  fl™» '*w« 
pended  in  the  open  air  for  ten  years,  and  was  become 
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dry,   after   having    undergone   a    ftate   of  putrefaction. 
From  the  experiments  of  Fourcroy  on  the  liver,  he  found 
that  alkali  difiblved  a  part  of  it,   and  formed  with  it  a 
foap.    That  alcohol  difiblved  a  part  alfo  of  it,  which  on 
the  addition  of  water   depofited  a  white' flaky  fubftance. 
This  fubflance,  deprived  of  a  fmall  portion  that  was  fo- 
luble  in  water,  was  of  a  ycllowifh  colour,  foft  and  greafy 
to  the  touch,  like  a  concrete  oil;  water  melted  it  under  a 
boiling  heat,  but  did  not  take  away  it's  colour.     It  had 
then  a  flight  odour  like  melted  wax.     On  being  cafl  into 
a  porcelain  cup,  it  became  fixed  into  a  folid  brittle  cake, 
of  a  polifhed  furface,  and  fnapped  on  breaking.     It's  in- 
ternal texture  was  lamellated  and  manifeftly  cryftallized. 
Heated  alcohol  completely  difiblved  it,  and  it  prcfented 
all  the  properties  of  fpermaceti,  with  this  only  difference, 
that  it  was  not  fo  dry,  white,  and  tranfparent,  but  more 
foluble  in  alcohol  than  fpermaceti.     This  appeared  to 
be  in  a  ftate  of  foap  in  the  liver,  for  water  likewife  ex- 
tracted it  by  means  of  heat,  and  the  oil  was  afterwards 
rendered  concrete  on  cooling,  but  the  fmall  quantity  of 
liver  prevented  this  chemift  from  making  any  further 
experiments.     Vauquelin  likewife  extracted  an  oil  from 
the  liver  of  the  fkatc,  which  became  white  as  fat  and  as 
thick,  and  very  fimilar  to  wax  that  had  been  kept  warm 
between  the  fingers  for  fome  time. 
~.  Bydif-        o<\4  Having  given  fome  account  of  this  concrete  oily 
matter  produced  by  putrefaction,  the  fecond  fpecies  com- 
prehends that  produced  by  difeafe,  as  in  the  biliary  cai- 
rn bi'wy     culi ;    for  the  chemical  inveftigation  of  which  we  are 
likewife  indebted  particularly  to  Fourcroy..  It  is  obferved, 
on  treating  on  biliary  calculi,  that  Poulletier,  on  diflblv-" 
ing  fome  in  alcohol,  found  that  it  depofited  a  lamellated 
brilliant  fubftance,  refembiing  boracic  acid.     It  is  this 
matter  that  Fourcroy  found  to  have  a  great  analogy  to 
fpermaceti.     Having  difiblved  part  of  fome  of  thefe  cal- 


tafe. 


calculi. 
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culi  in  alcohol  by  means  of  heat,  on  cooling,  he  found  Method  of 

r  r         -  -ii*  obtaining  it, 

the  folution  depofited  a  great  quantity  of  white  brilliant 
cryftals,  which  were  the  concrete  oil  to  be  examined. 
Having  expofed  them  to  heat,  they  foon  melted,  and 
formed  a  yellow,  unctuous,  roapy  liquor,  very  fmall  in 
bulk  to  what  they  were  before  j  this  liquor  exhaled  an 
odour  like  wax.  On  continuing  the  heat,  a  penetrating 
white  vapour  arofe  like  that  from*  a  roafled  oil ;  on  cool* 
ing,  it  became  a  concrete,  brownifh,  drymafs;  brittle, 
and  in  it's  fracture  prefented  a  laminated,  and  polifhed 
ftructure,  which  announced  a  cryftallization,  or  at  lead 
a  remarkable  tendency  to  it.  Thefe  phenomena  fucceed 
each  other  very  rapidly,  and  by  a  very  feeble  heat.  If 
this  cryftalline  matter  be  heated  fuddenly,  and  ftrongly, 
it  becomes  entirely  converted  into  vapours,  and  only 
leaves  a  brownifh  yellow  fpot  in  the  filver  fpoon  in  which 
it  is  melted. 

Water  has  no  effect  upon  it ;  in  boiling  water  it  melts  A<£hon  of 
and  rifes  to  the  top  like  an  oil,  and  becomes  concrete  '^n^t! 
again,  on  cooling. 

Liquid,  cauftic,  fixed  alcalis,  diffolve  it  in  the  cold,  and 
form  with  it  foaps.  • 

The  nitric  acid  difiblves  it  without  heat  or  efferves- 
cence, forming  a  folution  that  refembles  oil  of  camphor. 
It  is  decompofed  by  water,  and  flakes  and  lamellae  are 
feparated  in  their  former  (late. 

.  Alcohol  when  hot,  diffolves  a  large  quantity ;  according 
to  Poulletier,  one  oz.  5  drs.  and  12  grs.  of  alcohol  dif- 
folved  at  60Q  of  Reaum.  50  grs.  of  this  white  cryftalline 
matter;  but  the  greater  part  feparates  on  cooling.  It 
was  thefe  lafl  remits  that  convinced  Fourcroy  of  the 
ftriking  analogy  between  this  fubftance  and  fpermaceti. 
Calculi  of  the  gall  bladder  are  even  found  in  fome  cafes  Forms  btfi- 
to  be  totally  formed  of  this  concrete  oily  matter;  f0rarycacu1, 
which  fee  article  biliary  calculi. 


Compared 
with  lpcr- 
niacui. 
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3,  Byni-         3.  Befides  the  converfion  of  animal  fubftanccs  into  a 

tious  acid. 

concrete  oily  matter,  reletnbhng  ipermaceti,  by  means 
of  natural  decompofition,  and  that  brought  about  by 
difeafe,  it  has  been  found  by  Gibbs,  that  the  fame  con- 
terfion  takes  place  by  the  nitrous  acid ;  ai)d  the  concrete 
oil  obtained,  has  precifely  the  fame  characters  as  that 
obtained  by  water,  wd?#  putrefaction.  That  which  he 
obtained  from  human'mufcle  was  melted,  and  the  ther- 
mometer rofe,  when  plunged  into  it,  to  \60°  ,  it  con- 
gealed at  1 12°,  and  became  folid  at  110°;  whilft  fper- 
maceti  of  the  (hops,  under  the  fame  circumflances,  when 
fufed,  forced  the  thermorrieter  to  170°;  at  117°  a  pellicle 
was  formed  on  the  fubflance,  and  it  became  perfectly 
folid  at  1 14°. 

A  piece  being  diffolved  in  boiling  fpirit  of  wine,  the 
mixture  let  fall  a  great  quantity  of  this  waxy  matter  in 
the  form  of  beautiful  flakes  ;  large  cryflals  could  not  be 
procured,  but  the  flakes  affumed  a  cryflalline  appear- 
ance. 
Difiilled.  A  fmall  quantity  was  put  into  a  copper  retort,  and 
placed  on  a  common  fire  :  at  firfl,  there  came  over  a  Kin  - 
pid  fluid  like  water,  without  much  fmell ;  by  a  flronger 
heat,  an  oily  fluid  arofe  which  foon  coagulated  ;  it  was 
of  a  firmer  confidence  than  when  put  in,  and  coloured  of 
a  beautiful  green  by  the  copper;  which  lafl  eircum  fiance, 
he  thinks,  proves  that  it  contained  no  ammonia. 

Some  of  this  waxy  matter  was  put  with  fome  finely 
levigated  charcoal  into  an  earthern  retort,  a  ftrong  heat 
was  applied,  when  a  fmall  quantity  of  an  oily  fluid  came 
over,  which 'concreted  on  cooling  ;  after  which  came  over 
a  prodigious  quantity  of  thick  white  vapours,  very  fuf- 
focating  and  offenfive. 

The  nitrous  acid  converts  fiefli  into  this  fubflance  in 
three  or  four  days,  and  he  found  that  when  this  feba- 
ceous  matter  was  produced  from  the  human  fubject,  it 
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aflumes  a  very  beautiful  and  regular  cryftailine  appearance, 
whilft  that  from  quadrupeds  feems  not  difpofed  to  cryf- 
tallize. 

After  the  converfion  by  water,  this  fubftance  has  a  dif- 
agreeable  odour ;  and  although  the  nitrous  acid  takes  off 
the  greateft  part  of  the  fetor,  it  gives  it  a  yellow  colour 
and  the  fmell  of  the  acid,  which  mere  warning,  and  the 
addition  of  alcalis,  will  not  entirely  remove.  In  order  to  Method  of 
whiten  this  fubftance,  the  following  procefs  will  make  it  eac,UIg1' 
very  pure  and  beautiful,  but  not  fo  white  as  the  fperma- 
ceti  of  the  fhops.  It  is  broken  into  fmall  pieces,  and  ex- 
pofed  for  fome  time  to  the  combined  actions  of  the  fun 
and  air,  by  which  it  lofes  a  great  deal  of  it's  fmell,  and 
acquires  a  firm  confidence.  It  is  then  powdered,  and 
weak  nitrous  acid  poured  upqn  it;  in  an  hour  a  froth 
is  formed,  and  the  acid  is  decanted,  and  the  fubftance 
repeatedly  warned,  then  melted  in  hot  water,  and  when 
cool,  is  concreted,  and  is  of  a  beautiful  ftraw  colour,  and 
has  the  agreeable  fmell  of  the  bed  fpermaceti.  This 
might  be  made  ufe  of  in  the  arts. 

It  may  be  proper  to  obferve  here,  that  previous  to  the 
experiments  of  Gibbs,  Berthollet  had  already  ufed  the 
fame  method  of  feparating  animal  oil  from  the  different 
parts  of  animals.  He  extracted  the  nitrous  acid  from 
thefe  fubftances,  but  not  in  lefs  quantity  than  is  fufficient 
„to  obtain  the  oxalic  acid,  which  is  from  feven  to  eight 
parts,  and  this  afforded  him  a  fat  matter.  Of  thefe  fub- 
ftances, gelatin  gave  him  the  lead  fat ;  filk,  wool,  and 
hair,  the  moll.  A  fmall  quantity  went  over  with  the 
acid,  coloured  it  yellow,  and  gave  it  the'fmell  of  animal 
oil.  'This  fatty  matter  was  not,  however,  in  a  eoncrete 
ftate. 

This  converfion  of  animal  fubftances  into  this  concrete  The  conver- 
fatty  matter  is  faid  to  arife  by  depriving  them  of  their  counied  for. 
azot ;  but  with  refpect  to  the  utility  of  the  knowledge  of 
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thefe  changes,  the  matter  may  be  either  converted  into 

foap,  or  manufactured  into  candles,  as  it  burns  with  a 

fine  flame.   By  comparing*  therefore,  fpermaceti  with  the 

concrete  oil  feparated  from  the  foapy  matter  of  inhumed 

bodies,  with  that  feparated  from  the  dried  liver,  and  with 

that  which  exifts  in  abundance  in  biliary  calculi,  Four- 

croy  has,  it  appears,  found  differences  in  the  forms,  dry- 

nefs,  fufibility,   and  folubility  in  alcohol  and  in  sether, 

which  are  very  remarkable,  but  which  have  not  prevented 

him  from  making  the  refemblance,  and  from  confidering 

them  as  matters  of  the  fame  genus,  differing  only  in  thefe 

fpecific  characters;  whether  thefe,  however,  are  fpecific 

differences,  or  only'  varieties,  further  obfervations  mud 

prove.     It  remains  therefore  to  determine, 

inveftiga-         1  ft.  The  real  compofition  of  thefe  concrefcible,  cryftal- 

quirect       lizable  oils,  which  are  neither  butters,  fuets,  nor 'waxes; 

which  do  not  exift  in  vegetable  fubftances  according  to 

their  prefent  analyfis,  and  which  differ  from  the  concrete 

oils  of  plants,  as  the  liquid  oils  of  animals  differ  from  the 

liquid  oils  of  vegetables: 

2d.  The  diverfified  compofition  of  thefe  fpecies  which 
conftitute  this  newly  diftinguifhed  genus  of  cryftallizable 
animal  oils,  their  relations  between  them  and  the 
liquid  animal  oils,  and  their  formation.  Thefe  difco- 
verics  appear  now  within  the  reach  of  chemiflry,  and  no 
doubt  will  be  effected  by  thofe  who  undertake  the  labours 
they  require.  Fourcroy  has  already  begun  the  investiga- 
tion, by  treating  the  oil  extracted  from  bile,  (which  has 
been  falfely  looked  upon  as  a  refin)  by  the  oxygenated 
muriatic  acid,  and  he  has  converted  it  into  a  dry  and# con- 
crete fubflance,  analogous  to  fpermacetu  The  flow  decom- 
pofition  of  folid  animal  fubftances,  inhumed  in  a  mafs, 
prove  alfo  by  the  convcrfton  of  the  mufeles#and  ligaments 
into  fat,  that  the  fibrous,  albuminous,  and  gelatinous 
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matter  may  pafs  into  a  concrefciblc  oil.  It  will  likewife  not 
be  forgot,  in  the  analvfis  of  fpermaceti,  and  the  animal 
concrefciblc  oils  that  refemble  it,  to  inveftigate  the  caufe  of 
it's  beino-  fo  abundantly  formed  in  the  cetaceous  clafs, 
and  the  ufe  of  it  in  the  cavities  of  the  cranium,  and  in. 
the  fpinal  marrowj '  and  the  reafon  why  it  is  found  in 
greater  quantities  in  animals  that  breathe  little  than  in 
thofe  which  refpire  much,  /.  e.  in  warm  blooded  animals, 
and  why  in  thefe  laft  this  concrete  oil  appears  only  to  re- 
fide  in  the  liver  and  the  bile,  whilft  it  exifts  fo  univerfally 
in  the  animals  with  cold  blood. 

Fat, — This  is  a  fixed  oily  fecretion,  which  in  point  of  Fat. 
confidence  appears  to  hold*  the  medium  rank  between 
fpermaceti  and  the  fluid  oils;  it  is  not  fo  concrete  as  the 
one,  and  more  fo  than  the  other.  It  is  formed  at  the  ex- 
tremities of  the  arteries,  according  to  the  beft  authors,  and 
at  the  greatefl  poffible  diftance  from  the  centre  of  mufcu- 
lar  motion,  and  of  animal  heat,  by  which  means  it  pre- 
fents  a  fpecies  of  refervoir  where  a  great  quantity  of  hy- 
drogen, not  evacuated  by  the  lungs,  becomes  fixed. 

In  young  animals  it  is  of  a  white  colour,  and  has  a 
mild  infipid  favour,  but  in  adults  it  very  often  tends  to  a 
yellow  colour,  and  as  age  advances  it's  colour  becomes 
deeper  and  it's  favour  flronger. 

To  obtain  it  pure,  and  fit  for  chemical  experiments,  it  Howpud-; 
mult  be  cut  into  fmall  pieces  ;  the  membranes  and  fmall 
veffels  are  then  Separated  \  it  is  wafhed  in  a  large  propor- 
tion of  diftilled  water,  to  deprive  it  of  all  it's  gelatinous 
part,  kneaded  by  the  hand  and  the  water,  renewed  until  it 
becomes  infipid  and  colourlef*;  the  fat  is  then  to  be 
melted  by  a  moderate  heat  in  a  glafs  or  new  earthen  veffel, 
together  with  a  little  wTater,  which  when  evaporated,  the 
boiling  noife  of  the  fat  in  fufion  ceafes.  It  is  then  to  be 
poured  while  hot  into  another  veffel,  where  it  fixes  on  cooU 
lng  and  becomes  folid.    The  ufe  of  the  water  added  to  the 
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fat,  is  to  prevent  i't*j  roafting  and  becoming  black;  it 
likewife  forms  a  fpecies  of  water  bath,  rendering  the  heat 
more  equal ;  but  it  is  neceffary  not  to  let  any  remain,  as 
it  would  haftcn  it's  rancidity.  This  is  known  by  drop- 
ping a  little  of  it  on  fome  red  hot  coals,  where  it  burns- 
without  crackling,  if  it  retains  no  humidity. 

Fat  when  thus  purified,  is  white,  nearly  inodorous,  or 
has  rather  a  weak  aroma  that  is  peculiar  to  it;  it's  favour 
is  mild,  and  oily,  and  in  this  ilate  it  approaches  very 
much  to  the  fat  vegetable  oils,  as  thofe  of  olives,  ben- 
zoin, &c.  which  have  no  rcfinous  or  gummy  properties, 
and  are  not  ficcative. 
Examined  Fat  when  examined  by  the  microfcope,  is  faid  to  exhi- 
bit a  number  of  yellowifh  veficles,  formed  of  a  very  thia 
and  tranfparent  pellicle  containing  an  oily  fluid.  Thefe 
veficles  differ  in  fize  in  various  animals;  according  to 
Wolf,  the  fat  of  the  pullet  is  contained  in  fmaller  veficles 
than  thofe  of  any  other  animal,  whilft  the  veficles  of  the 
goofe  are  larger,  and  arranged  with  more  regularity.  The 
next  in  order  are  the  human  ;  but  the  moft  confiderabl'e 
are  thofe  of  the  hog.  It's  only  refervoir,  according  to 
Scopoli,  is  the  cellular  membrane. 
Jt's  ar.aiy-  With  refpecl  to  the  chemical  analyfis  of  fats,  Neu- 
'.  mann,  from  his  diftillation  of  the  fat  of  the  g;oofe,.  the 

pig,  the  fneep,  and  the  ox,  from  which  he  obtained  art 
empyreumatic liquor,  brown  oil,  and  charcoal;  and  from 
his  other  analyfes,  concludes,  there  is  but  little  diffe- 
rence in  fats ;  that  the  fat  of  the  ox  only  appeared  to 
contain  a  little  more  earthy  matter.  He  looks  upon  them 
as  a  phyfical  mixture  of  oily,  gelatinous  and  aqueous 
parts,  with  a  little  earth,  and  fome  faline  parts  inter- 
pofed. 

It  is  fcarcely  neceffary  to  obferve,  how  far  the  experi- 
ments and  obfervations  of  this  chemifl  are  diftant  from 
the  prefent  precifion  of  chemical  operations.     He  takes 
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ho  notice  of  the  lofs  of  one  part  into  it's  aeriform  ele- 
ments, and  decides  without  any  examination,  that  the 
coaly  refiduum,  or  the  caput  mortuum,  as  he  calls  it,  is 
an  earth  ;  whiift  it  is  now  well  known,  that  the  carbons 
of  animals  which  fo  powerfully  refift  incineration,  con- 
tain the  phofphoric  acid.  It  is  lefs  aftonifhing  that  he 
takes  no  notice  of  the  acid,  for  Macquer  has  confefTed,  Macqueh 
that  although  forewarned  of  the  faid  production  from  dif- 
tillation  of  blood,  by  the  obfervations  of  Homberg,  he 
was  on  the  potnt  of  concluding  that  this  chemift  was  de- 
ceived, becaufe  the  prefence  of  the  oil  prevents  this 
acid  from  acting  on  blue  paper,  and  the  part  touched 
only  became  red  on  beginning  to  dry ;  and  this  is  mod: 
probably  the  rcafon  why  fo  many  chemifts  have  erred 
refpecling  the  real  nature  of  one  of  the  produces  of  the 
diftillation  of  animal  fubftances  as  well  as  vegetable. 

Hoffmann  was  of  opinion,  that  the  faline  principle  of  Hoffmanm 
fat  and  animal  oils  was  purely  alkaline,  in  which  they 
differed  from  vegetable  oils  3  and  advanced  as  a  proof,  that 
thefe  laft  occafioned  a  green  ruft  in  copper  velTcls,  whilft 
fat  on  the  contrary,  when  kept  a  long  time  in  the  fame> 
gave  them  a  beautiful  blue  colour  \  an  efTecl:  according  to 
this  author  that  could  only  be  produced  by  an  alkaline 
principle:  this  argument  however  is  now  proved  to  be 
falfe,  as  it  is  well  known  that  this  colour  only  depends 
on  the  more  or  lefs  oxvdation  of  the  metallic  calx. 

Vogel  had  a  much  better  knowledge  of  the  empyreu-  Vogd. 
matic  oil  extracted  from  fat  by  the  fire,  and  acknowledg- 
ed the  prefence  of  an  acid  faline  principle;  but  the  experi- 
ments of  later  chemifts,  as  Segner  and  Crell,  leave  no 
longer  any  doubt  on  the  fubjecl:. 

According  to  Plenck,  fat  is  nine  times  lighter  than  dif-  Pienck, 
tilled  water.     It  requires  for  it's  fluidity  a  greater  heat 
than  olive  oil,  which  is  fluid  at  40"  of  Fahrenheit's  ther- 
mometer, and  a  lefs  heat  than  yellow  wax5  which  melts 
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at  140°.  It  contains  no  parts  To  Volatile  as  to  be  forced 
over  at  a  boiling  heat,  and  it  only  inflames  at  a  tempe- 
rature that  converts  it  into  vapour. 

Diftillation.  If  fat  be  difiillcd  by  expofing  it  in  a  retort  to  a  greater 
heat  than  that  of  boiling  water,  there  firfl  comes  over  an 
acid  water,  and  a  final  1  quantity  of  oil,  which  remains  in 
a  fluid  (late }  on  continuing  the  heat  this  acid  becomes 
ftronger  (vide  febacic  acid),  and  the  oil  always  lefs  fluid  ; 
but  the  degree  of  heat  muft  be  ftrong  enough  to  prevent 
the  coagulation  of  the  oil,  fo  that  one  drop  may  imme- 
diately fucceed  another. 

If  the  oil,  which  has  a  very  naufeous  fmell,  be  fub- 
mitted  to  a  fecond  diftillation,  it  becomes  more  fluid,  and 
at  each  rectification  an  acid  fpirit  is  feparated,  and  a 
coaly  refiduum  left  behind.  It's  fmell  becomes  more 
penetrating,  and  by  repeating  the  diftillations,  it  may  be 
brought  to  have  the  volatility  of  evTential  or  ethereal  oils, 
and  to  evaporate  at  the  heat  of  boiling  water.  By  re- 
peated abstraction  and  edulcoration  by  water,  it  is  fo  de- 
prived of  it's  acid,  that  Crell  obtained  it  fo  pure  as  to  be 
volatile  at  a  lefs  than  boiling  heat.  Hence  it  appears,  the 
fat  derives  it's  confidence,  and  alfo  it's  fixednefs,  from 
the  acid,  from  which  it  can  only  be  feparated  by  re- 
peated diftillation. 

According  to  Hildebrandt,  if  the  fharp  vapour  which 
arifes  on  the  acid  coming  over  catch  flame,  it  produces 
a  good  deal  of  fmoke  and  foot.  By  the  dry  diftillation  it 
affords  hydrogen  and  carbonic  acid  gafes,  and  the  oil 
which  before  was  yellowim  becomes  dark,  and  at  laft  of 
the  confidence  of  pitch.     When  the  iron  is  red  hot  there 

Crcli.  remains  a  little  coal  of  difficult  incineration.     Crell  hav- 

ing by  an  exceffive  and  long  continued  heat  incinerated 
this  coal,  found  the  afhes  to  be  of  a  lightifn  red  colour, 
which  when  lixiviated*  with  diftilled  water  and  evaporat- 
ed, gave  a  fait  of  no  determined  fhape  or  favour,  did  not 
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deliqucfce  in  the  open  air,  but  diflolved  in  water,  and  a 
little  vitriolic  acid  added  depofited  gypfivm.  This  earth 
however  left  behind  it  it's  constituent  part,  an  acid, 
which  after  evaporation,  appeared  a  white,  dry,  acid  (alt, 
that  melted  before  the  blowpipe  into  a  tranfpareni  glo- 
bule; and  mixed  with  foot,  and  expofed  to  distillation  by 
a  ftrongheat,  emitted  a  phofphorefcent  light,  confequently; 
it  was  the  phofphoric  acid.  Befides  the  difcovery  of  this 
acid  in  the  aflies,  Crell  found  they  contained  calcareous 
earth  in  a  free  ftate.  In  diftilling  fat,  great  care  muft  be 
taken  to  avoid  the  fharp,  penetrating  and  volatile  acid 
vapours  that  arife,  otherwife  they  irritate  and  inflame  the 
eyes,  the  throat,  and  the  lungs;  they  not  only  force  tears, 
but  excite  a  cough  as  bad  as  fulphureous  vapours. 

It  is  infoluble  in  water.  A&lon  of 

Acids  form  foaps  with  fat,  as  with  the  fat  vegetable  Acids. 
oils.  Achard  formed  foaps  of  this  kind  with  the  vitriolic 
acid  and  the  oil  of  the  yolk  of  the  egg,  as  well  as  train  oil, 
which  he  found  to  be  decompofed  not  only  by  alkalis, 
but  by  acids  ;  according  however  to  Leonhardi,  di Hilled 
vinegar  does  noteffecl:  a  decomposition.  By  the  nitrous 
acid,  with  a  certain  degree  of  heat  to  produce  a  decom- 
pofition  of  fat,  the  acid  of  fugar  is  obtained. 

Alkalis,  particularly  when  cauftic,  as  well  as  cauftic  Alkalis, 
earths,  likewife  form  foaps  with  fat,  which  are  decom- 
pofed by  acids. 

Alcohol  has  no  folvent  power  on  fat,  except  in  it's  Alcohol 
rancid  ftate  ;  it  then  diflblves  the  rancid  part. 

Fat,  like  oils,  diflblves  fulphur  and  phofphorus ;  it  has  Solvent 

...  •  .  power  of 

the  fame  power  on  metallic  calces,  particularly  thofe  of  fat. 
iron  and  lead  ;  it  attracts  quickfilver  by  means  of  tritura- 
tion; unites  with  the  regulus  of  arfenic  by  ebullition, 
and  enters  into  the  compofition  of  plafters  ;  it  foon  rufts 
copper,  which  proves  the  danger  of  letting  it  remain  in 
velTels  of  that  metal  ;  and  Fourcroy  is  of  opinion  that 
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it  even  acls  on  the  glafs  of  lead  with  which  pots  are 
glazed. 

Extracts  and  mucilages  render  fat  foluble  in  water. 
It  unites  with  oils  in  all  proportions,  and  increafe9 
their  confidence. 
Rancidity.        Fat  in  it's  natural  ftate  has  it's  aeid  fo  intimately  united 
to  it's  oily  part,  that  none  of  it's  properties  are  to  be  dif- 
covered;  hence  arifes  the  mildnefs  of  this  oily  fubftance. 
But  it  has  been  before  obferved,  that  when  by  a  fiiffi- 
cient  degree  of  heat  a  deeompoiition  extricates  this  acid, 
Changes  the  jt»s  pr0perties  are  entirely  changed,  it  becomes  fharp  and 
iat.  irritating.     Tlie  fame  thing  happens  when  fat  has  been 

expofed  for  fome  time  to  the  atmofphere ;  a  partial  de- 
compofition  takes  place,  a  little  of  the  acid  becomes  ex- 
tricated, the  colour  becomes  brownifh  or  yellowifh,  and 
the  tafte  and  fmell  are  iharpifh  and  difagreeable ;  and 
this  ftate  is  called  rancidity.     It  is  likewife  found  different 
Becomes      in  it's  chemical  properties;   for  alcohol,  that  in  it's  mild 
ateohol"1     ^ate  nac*  no  effrft  uPon  **J  now  diflolves  the  rancid  part, 
leaving  the  reft  untouched.     De  Machy,  a  Parifian  che- 
mift,   has,    therefore,   very   properly  obferved,   that   by 
Various       means  of  wafhing  in  alcohol  fat  may  be  deprived  of  all 
depriv.  itofit's  rancid  part,  whilft  it  leaves  the  found  part.     Pcerner 
a'd^Tl"7'  ProP°^es3  as  a  more  economical  plan,  to  deprive  it  of  this 
onthecaufe.  rancidity  by  mixing  and  boiling  it  with  frefh  fpring  water, 
to  (kirn  it,   and  repeat  the  operation.     Macquer  propofes 
to  add  a  little  calcareous  earth  or  alcali  to  the  water,  the 
better  to  abforb  the  acid  of  the  rancidity,  and  afterward, 
by  edulcoration  with  a  large  quantity  of  pure  water,  carry 
off  all  the  faline  or  foapy  matter  that  may  have  been 
formed. 

Thefe  obfervations  appear  to  Morveau  to  admit  of  no 

doubt,    but  that  the   acid   developed   puts  the    oil,   no 

longer  a  perfeel:  fat,  into  a  ftate  of  foap,  otherwife  it  could 

/not  be  extracted  by  water  alone,  whilft  the  properties  of 
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the  unchanged  fat  would  to  a  certain  point  be  altered, 
Fourcroy  is  of  opinion  that  this  change  in  fat  arifes  from 
the  fermentation  of  a  peculiar  animal  mucilage,  of  which 
fat  always  retains  a  certain  portion  intimately  combined 
with  it,  and  that  the  rancidity  proceeds  from  the  extrica- 
tion of  the  fixed  air.  6n  this  fuppofition,  the  addition  of  From  fixed 
6xed  air  mull  correct  the  rancidity;  and  SiefTert  informs  air" 
us  this  was  done  by  mixing  fweet  friiits  or  honey  with 
rancid  oils,  fo  as  to  occafion  a  fermentation,  and  a  pro- 
duction of  fixed  air,  which  reftores  to  them  their  gas. 
Rozier  and  CEttinger  have  confirmed  this  obfervation, 
and  even  have  corrected,  and  meliorated  fat,  and  ren- 
dered it  fweeter  and  firmer  by  putting  apples,  or  other 
fruits,  into  the  pot  in  which  it  was  melted.  Rozier  even 
recommends  a  fpunge  to  be  dipped  in  a  mixture  of  alum 
and  chalk,  and  to  be  placed  at  the  bottom  of  the  oil 
vefTel,  by  which  means  the  acid  of  the  alum  will  extri- 
cate the  fixed  air  from  the  chalk,  which  will  mix  with  the 
oil.  It  appears  that  Morveau  even  is  not  far  from  ad^ 
mitting  a  fort  of  fermentation  in  fat,  /'.  e.  a  more  or  lefs 
fenflble  motion  determined  by  the  affinities  of  the  air, 
and  the  beat,  producing  new  combinations:  in  {hort, 
he  thinks  it  very  probable  that  oils  change  in  the  manner 
acids  do ;  that  a  new  portion  of  the  acidifving  principle 
unites  to  them  in  the  fame  way,  which  laft  is  proved 
from  the  experiments  of  HafTej  and  Scheele  precifely 
fays,  that  the  air  is  diminifhed  by  oils  which  become 
reflnous  :  Morveau,  however,  confeffes  that  much  is 
wanting  to  conciliate  this  theory  with  all  the  phenomena, 
lft.  It  fuppofes  an  animalization  in  fat,  which  is  oppofed 
by  facts.  2d.  Recent  fat,  diftilled  in  clofed  vefTels,  un- 
dergoes a  change  perfectly  analagous  ;  fome  developped 
acid  is  alfo  formed  :  hence  it  niuft  be  acknowledged, 
that  the  acidifying  principle  preexifted  in  the  fat;  that 
it  was  there  in  fufficient  quantity  inftantly  to  produce 
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that  change  which  the  accefs  of  air  produces  in  a  length 

of  time;  or  it  muii  be  faid  with  the  celebrated  S/heele, 

that  the  vital   air  may  proceed  here  from  the  decompo- 

fition  of  the  matter  of  heat.     Fat  is  likewife  foluble  in 

alcohol,  after  it  has  been  precipitated  from  ibap  by  means 

of  acids. 

It  would  be  of  ufe  to  examine  what  influence  the  fvveet 

faccharine  matter,  which  Scheele  found  in  oils,  has 
upon  their  rancidity.  It  is  faid,  that  if  fat  or  butter  be 
boiled  with  half  the  quantity  of  litharge  in  water,  to  the 
confidence  of  falve,  the  water  becomes  fweet,  and  by 
.  evaporation  is  converted  into  a  fyrup.  This  contains 
nothing  if  the  oil  be  mild,  but  if  rancid,  a  little  of  the 
litharge,  which  is  precipitated  from  it  by  vitriolic  acid. 
By  a  ftronger  heat,  an  inflammable  vapour  arifes,  and  it 
requires,  to  be  forced  over,  the  boiling  heat  of  oil  of  vitriol ; 
it  then  comes  over  in  part  undecompofed,  having  it's 
fweet  tafte,  whilft  the  other  part  is  empyreumatic,  and  is 
converted  into  a  brown  oil,  with  a  fmell  of  alcohol ;  a 
light  fpungy  coal  remains,  containing  no  calx  of  lead. 
By  repeated  diftillation,  it  appears  to  undergo  a  further 
decomposition,  and  with  a  little  fpirit  of  tartar,  to  become 
fharp  and  bitter.  This  fweet  fluid  does  not  ervftallize, 
nor  ferment  when  mixed  with  water  and  placed  in 
warmth.  It  mixes  with  the  fharp  tincture  of  tartar  with- 
out attracting  and  falling  down  with  it,  as  honey  does. 
By  repeated  abftraction  of  nitrous  acid,  it  is  at  laft  chang- 
ed into  acid  of  fugar,  and  appears,  according  to  this  che- 
miit,  to  contain  more  phlogiflon  than  even  fugar  or 
honey. 
Sehacic  The  acid  of  fat  which  caufes  it's  rancidity,  is  likewife 

the  caufe  of  it's  fixity ;  hence  the  febaceous  fubftances  are 
like  particular  oils  that  owe  their  confidence  and  fixity  to 
the  fame  caufe.  As  a  proof  of  this,  according  to  Pcerner, 
if  the  oil  of  almcnds  be  digefted  for  a  little  time  with  » 
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fmall  quantity  of  nitrous  acid^  a  fubftance  refembling  fat 
will  be  obtained. 

That  the  different  confidence  of  fats  is  owing  to  the  Tlie  confift. 

.  ence  of  tat 

proportions  of  the  febacic  acid  with  the  oily  parts  is  alfo  owing  tort* 
proved,  frorafche  comparifon  of  the  quantity  of  thefe 
products  in  Crell's  experiments  ori  human  fat,  and  the 
fuet  of  the  ox.  In  fhort,  it  is  to  the  intimate  union 
of  different  proportions  of  this  acid  with  the  oil,  that  the 
greater  or  lefs  fixity  of  them  is  to  be  attributed  ;  and  that, 
in  proportion  as  this  principle  is  taken  away,  they  become 
fluid  and  volatile,  refembling  efTential  oils,  is  evident  on 
diftillation,  where  the  more  the  fats  are  deprived  of  it,  the 
more  fluid  and  volatile  they  become,  and  rife  at  the  boil- 
ing point.  It  appears  however  that  this  acid  is  more  in- 
timately united  in  animal  oils  than  in  any  other,  as  they 
are  much  longer  in  becoming  rancid  ;  and  fubmitted  to 
repeated  diftillations,  very  little  acid  is  extracted  at  each 
procefs,  hence  they  are  the  mofl  difficultly  made  fluid 
and  volatile. 

It  is  the  opinion  of  Morveau  that  this  febacic  acid  It  exirts 
exifls  perfectly  formed  in  fats  previous  to  diftillation,  formS'L 
fince  thefe  fubftances  expofed  to  the  fire  in  clofe  veiTels  fat* 
give  their  vital  acidifying  air  in  a  ftate  of  mephitic  gas; 
befides,  according  to  this  chemift,  the  ftate  of  the  car- 
bonaceous refidue,  which  refemblcs  plumbago,  from  it's 
difficult  incineration,  announces  a  conflderable  quantity 
of  vital  air  fixed  in  this  refidue,  and  converted  into  me- 
phitic acid.  In  fhort,  it  appears  (article  febacic  acid) 
that  the  feparation  of  the  acid,  and  of  the  oily  portion, 
may  be  effected  by  the  moift  way,  without  the  aid  of 
heat,  a  demonftrative  proof  of  it's  being  already  formed. 
The  manner,  however,  in  which  thefe  two  parts  are 
united,  fince  they  cannot  be  recompofed,  fhows  it  is  not 
a  fimple  combination^  but  one  which  further  experimenta 
muft  explain, 
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Gren  and  Riechen  inform  us,  that  they  have  at  length 
perfectly  decompofed  fat  by  repeated  infuiion  and  digef- 
tion,    with  moderately    ftrong  utric   acid,    into  oxalic 
acid  and  vinegar. 
Variant  The  various  kinds  of  animal  fat  that  hgfe  undergone 


Kinds  ol 
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any  chemical  inveftigation,  are  human  /.  marrow, 

Iara\  and  butter. 
Human  far.  Human  fat,  Rhades  was  the  fir  ft  who  examined  hu- 
man fat,  but  very  little  can  be  collected  from  his  ex  peri - 
Expcriment  ments  ;  it  is  to  Segner  and  Crell  that  we  are  indebted  for 
what  little  is  known  of  it,  as- well  as  or  the  greater  part  ot 
other  fats.  It's  fpeciflc  gravity  is  to  water  as  0,903  to 
1000,  and  it  is  fluid  at  84°  of  Fahrenheit. 

On  diflillation,  this  fat  afforded  nothing   at  450°  of 
Fahrenheit,  and  very  little  at  5.50°  ;  it  was  only  at  600Q 
that  there  paffed  over  1 00  drops  of  phlegm,  and  a  great  pro- 
portion  of  oil :  from  four  ounces,  fix  drachms  of  a  very  thick 
oil  remained  in  the  retort.     This  phlegm  appeared  to  give 
the  fyrup  of  violets  a  reddifh  tinge;  the  fmell  was  flrong, 
and  fo  infupportable  that  it's  nature  could  not  be  deter- 
mined ;  it  had  a  very  empyreumatic,  fharp,  fomewhat  aci4 
favour.     The  remaining  oil  was  of  the  confidence  of  ho- 
ney, of  a  fweetifh  tafie,  and  a  flight  empyreumatic  odour. 
The  phlegm  efiervefced  with  the  folution  of  potafh  ;  on 
faturation,  it  had  a  faline  tafle,  and  gave  on  evaporation  a 
thickifh,  yellowifh  liquor.     On  examining  fome  friable, 
irregular  parts,  they  appeared  to  have  a  cryflallized  form. 
This  dried  mafs  expofed  to  the  air  returned  to  a  faline, 
f]iarp,  and  bitter  liquor,  not  alkaline. 
ofCteii.  According  to  the  experiments  of  £rell,  in  a  memoir 

exprefsly  written  on  the  confljtuent  parts  of  this  fat,  it 
appears,  that  28  oz.  of  it,  being  previoufly  melted  and 
.  filtered,  when  diflilled  on  the  fand  bath,  meltep1  at  155° 
of  Reaumur's  thermometer,  and  there  came  over  a  little' 
jnfipid  phlegm.     The  diflillation  then  flopped,  although 
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the  heat  had  been  increafed  45°,   but  being  augmented 
beyond  220°,  the  mai's  began  to  (Well  exceedingly,  fo  as 
even  to  rife  into  the  neck  of  the  retort,  which  is  not  the 
cafe  with  ox  fat.     At  the  fame   time   there  pafled   over  a 
liquor  accompanied  evidently  with  vapours,  which  when 
collected  in  the  receiver  appeared  to  be  of  two  kinds  ;  that 
a  the  top  was  a  brown  red  oil,  the  colour  of  which  became 
by  decrees  deeper,  and  beneath  this   was  a  phlegm  of  a 
golden  colour.     At  the  bottom  of  the  receiver  there  was 
a  fixed  oil  refembling  that  from  wax  :  the  heat  being  in- 
created  until  nothing  more  came  over,  the  operation  loll- 
ed 21  hours.     At  the  mouth  of  the  receiver,  a  very  pene- 
trating odour  was  perceived,  although  lefs  lively  than  that 
from   ox  fat.     The  liquors  being  feparated,  there  were 
found  2v  oz.  of  black  oi],  and  1  oz.  7  drachms  of  a  yel- 
low acid  phlegm.  .  There  remained  in  the  retort  a  fliin- 
ing,  friable  coal,  weighing  1  oz.   2  drachms,  2  fcruples. 
The  fixed  oil  melted,  and  diftilled  again  by  a  heat  of  200°, 
afforded  ()  oz.  of  oil  lefs  coloured  thau  the  firft,  1  oz.  of 
yellow  acid,  and  more  fixed  oil.     This  oil  being  twice 
again  diftilled,  this  chemift  received  by  the  fame  heat, 
the  firft  time  7  oz.,  6  drachms  of  a  redd i fh  yellow  oil,  and 
3  drachms  30  grains  of  acid.     The  laft  time,  the  heat 
being  carried  to  the  moft  violent  degree,  there  were  found 
in  the  receiver  1  oz.  3  drachms,  40  grains  of  brown  oil, 
and  only  one  drachm  of  acid.     The  carbonaceous  refi- 
dua  were  of  the  fame  nature  as  the  laft,  and  weighed  one 
punce  7  drachms.     Thus  28  oz.  of  human  fat,  on,  being 
decompofed  by  diftillation  afforded, 

oz.  dr.gr. 

Of  fluid  oil 20  5  40 

acid  phlegm 3  3  30 

charcoal 3    I  40 

l^oft  during  the  procefs      0  5   10 

Total  . .  28  0     0 
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To  feparate  the  acid  that  might  adhere  to  the  oil,  this 
chcniift  agitated  it  at  feveral  times  in  water,  and  fcpa- 
rated  it  by  a  fiphon  ;  the  waters  being  collected  were  fa- 
turated  with  1  drachm  7  grains  of  potafh,  and  as  it  re- 
quires 61  drachms  of  this  alkali  to  faturate  30  grains  of 
the  acid,  he  concluded,  that  thefe  waters  had  dill  given 
I4I  drachms  of  acid. 

The  brown  oil  rediftilled  by  a  gentle  heat  afforded  a 
volatile,  clear  oil,  of  an  aromatic  favour  ;  on  increafing 
the  heat  it  became  yellow,  and  at  laft  rcddifh.  There 
remained  3  oz.  30  grains  of  charcoal. 

Two  ounces  of  this  coaly  reflduum  were  with  great 
trouble  incinerated.  The  allies  weighed  5  drachms  30 
grains.  Boiling  diftilled  water  only  extracted  from  them 
4  grains  of  an  infipid  fait,  and  a  little  calcareous  earth 
was  precipitated  by  the  addition  of  vitriolic  acid.  The 
nitrous  acid  on  digeftion  deprived  the  allies  of  their  red 
colour,  but  the  vitriolic  only  precipitated  a  little  felenite. 
The  liquor  exficcated,  and  the  reflduum  calcined,  became 
red,  and  amounted  to  6  grains.  This  chemift  regards 
this  fixed  fait  as  the  fame  as  what  he  got  from  the  afhes 
offuet,  i.  e.  the  phofphoric  acid.  Of  the  4  drachms  of 
remaining  afhes,  the  vitriolic  acid  on  diflillation  took  up 
40  grains  of  aluminous  earth,  and  the  furplus,  mixed 
with  an  equal  quantity  of  fixed  alkali,  ran  into  a  perfect 
glafs. 

It  remains  to  be  proved,  whether  the  rednefs  was  ow- 
ing to  the  prefence  of  iron,  and  whether  the  argill  did 
not  come  from  the  veffel.  With  refpect  to  the  glafs,  it  is 
well  known  that  the  vitrification  of  bones  depends  on  the 
phofphoric  fait. 
Suet,  Suet.— Ox  fuet,  fubmitted  to  diflillation  in  a  fand  bath, 

melts  at  from  104°  to  116°  of  Fahrenheit ;  it  afforded  a 
good  deal  of  oil,  and  but  little  phlegm  :  the  odour  arifing 
from  thefe  products  affects  the  head  :  acids  had  no  effect 


OIL?.  27 

on  them  :  they  formed  foaps  on  agitation  with  a  folution 
of  pofaih.  The  reddiih  phlegm  had  an  acid  tafie,  effer- 
vefced  with  an  alkali,  yet  it  did  not  redden  the  fyrup  of 
violet.-,  but  communicated  to  it  rather  a  brownifh  tinge, 
which  arofe  from  the  oily  parts. 

Diilillcd  with  unlixiviated  allies  it  afforded  no  volatile 
alkali.  The  oil  that  came  over  was  nearly  black,  arifing 
from  the  great  heat  ncccfTary  to  break  the  foapy  union. 
The  phlegm  refembled  fpirit  of  tartar,  did  not  effervefce 
with  an  alkali,  and  changed  the  fyrup  of  violets  green. 

With  potafh  fuet  like-.vife  afforded  a  blackifh  oil ;  the 
phlegm  had  an  alkaline  favour ;  it  effervefced  with  the  ni- 
trous acid;  the  alkali  by  means  of  the  oil  had  reached  the 
neck  of  the  retort. 

From  two  pounds  of  ox  fuet  Crell  obtained  14  oz.  1 
drachm  of  fluid  oil,  7  oz.  2  fcruples  of  acid,  and  there 
remained  of  coal  10  oz.  6  drachms  and  one  fcruple. 

Stag  fuet  requires  the  fame  heat  for  fulion  as  that  of 
the  ox,  and  that  of  the  fneep  melts  at  124°. 

Marrow. — The  marrow  of  the  ox  on  diflillation  af-  Marrow, 
forded  flmilar  produces  to  fuet,  except  that  there  pafTed  at 
firft  into  the  receiver  a  white  fuet  refembling  the  butter  of 
wax.  It  afforded  an  infipid  water,  much  oil,  the  greater 
part  of  which  became  fixed  again,  and  very  little  phlegm; 
alfo  an  acid  was  obtained. 

Lard, — Hog's  lard  on  diflillation  afforded  a  brown  Lard, 
fluid  oil,  but  fcarcely  any  phlegm  ;  a  few  grains  of  black 
matter  lemained  in  the  retort.  It  melts  at  between  ooQ 
and  100°  of  Fahrenheit.  The  oil  weighed  nearly  as  much 
as  the  lard  employed,  had  a  weak  empyrcumatic  odour, 
gave  no  figns  of  ammonia;  the  tafte  feemed  to  indicate 
an  acid,  but  it  foon  became  bitter.  This  oil  gave  the 
fyrup  of  violets  an  obfcure  colour  tending  to  a  green. 

Butter, — When  this  inflammable  part  of  milk  is  freed  Butter; 
from  ail  it's  ferous  and  cafeous  matter,  it  is  either  of  a  j£jcl|j£ural 
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white  or  yellowifli  colour,  according  to  the  ferum  and  the 
food  and  temperament  of  the  animal  ;  the  more  the 
plants  are  fucculent  and  aromatic,  as  happen  in  fummer, 
the  more  the  butter  will  be  coloured ;  and  during  the 
winter,  when  only  hay  or  ftravv  and  bran  are  to  be  pro- 
cured, the  yellow  colour  difappears  by  degrees,  and  they 
afford  only  a  dead  white  butter.  This  effect  however 
does  not  take  place  in  all  animals,  for  the  cow,  the  goat, 
the  afs,  and  the  mare,  although  nourifhed  in  the  fame 
paftures  on  the  fame  nourifhment,  afford  different  co- 
loured butters ;  the  cow  gives  a  yellow  one,  that  of  the 
goat  and  afs  is  much  paler,  whilfl  the  butter  of  the  mare 
is  always  white. 

Artificially  Butter  is  artificially  coloured  by  many  fubflances,  and 
as  it  is  one  of  the  beft  folvents  for  extracting  the  refinous 
colouring  matters  contained  in  certain  plants,  they  are 
often  made  ufe  of  in  the  dairy.  Thus,  by  beating  the 
cream  with  the  root  of  the  orcanet,  a  colour  is  procured 
from  the  lighteft  (hade  to  the  deeped  red,  which  cannot 
afterward  be  feparated  by  water.  This  property  of  but- 
ter to  load  itfelf  with  the  colouring  matter  on  feparating 
from  the  cream,  Parmentier  expected  might  extend  to  the 
green  parts  of  plants;  this  was  not  however  the  cafe,  but 
it  received  the  aromatic  parts.  He  found  that  when 
cream  is  beaten  with  a  refinous  colouring  matter,  it  is  the 
butter  that  is  coloured,  but  when  an  extractive  matter  is 
employed,  the  buttermilk  or  ferous  part  only  remains  co- 
loured. 

Savcur,  Butter,  when  frefh,   has  a  very  pleafant  and  peculiar 

mild  tafte,  although  it's  tafte,  as  well  as  it's  colour,  de- 
pends on  the  food  of  the  animal.  If,  for  inftance,  it  has 
been  previoufiy  fed  on  turnips,  or  on  grafs  with  which 
garlick  grows,  or  on  cabbage,  or  various  herbs  the  ef- 
fential  oil  of  which  is  flrong  and  penetrating,  the  butter 
partakes  of  their  favour. 

Aroma.  It  is  nearly  void  of  fmell. 
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It  is  more  or  lefs  of  a  foft  folid  confidence ;  it  is  very  folid  Confif- 
froni  the  milk  of  the  goat  and  cow,  and  foft  from  that  of 
the  fheep;  whilft  from  the  milk  of  the  afs,  the  mare,  and 
the  human  female,  it  is  nearly  in  theftate  of  cream,  more 
particularly  that  of  the  lafl. 

When  expofed  to  a  moderate  heat  it  melts  and  be-  Exposed  to» 
comes  tranfparent.  According  to  Erxlebcn  this  degree 
is  84°  of  Fahrenheit ;  the  fufion  is  perfect  at  88°, 
and  it  remains  fomewhat  fluid  even  at  74° 5  it  be- 
comes folid  again  in  the  cold,  but  it  is  then  fomewhat 
granulated;  in  this  (late  it  keeps  a  long  time  without 
becoming  rancid,  but  it  has  not  that  agreeable  rich  flavour 
it  had  before. 

On  di filiation  it  affords  a  little  infipid  water,  the  fe- 
bacic  acid,  a  yellowifh  fetid  oil,  called  the  oil  of  butter, 
and  according  to  Scopoli,  hydrogen  gas.  There  remains 
about  ^  oz  of  coal  from  one  pound  of  butter.  Several 
modern  chemiils  are  of  opinion,  that  it  is  from  the 
oxygen  of  the  atmofphere  that  the  formation  of  the 
acid  arifes.  In  the  firfl  diflillation,  however,  this  is  un- 
neceffary,  becaufe  the  quantity  of  oxygen  in  the  butter  13 
fufticient;  but  in  fucceflive  diflillations,  Fourcroy  found 
the  external  air  neceflary  to  convert  all  it's  principles  into 
an  acid ;  hence  in  a  large  apparatus  a  great  deal  is  formed; 
on  the  contrary,  in  a  fmall  retort  butter  paffes  into  the 
receiver,  almoft  without  alteration.  Butter  forms  with  F°<™s  foap 
potafh  a  foap  lightly  folid,  of  a  yellow  colour  and  agree-  afh. 
able  odour,  eafily  foluble  in  water,  and  which  perfectly 
cleanfes  all- kinds  of  fluffs. 

In  a  warmifh  temperature,  or  in  more  or  lefs  time,  the 
febacic  acid  is  fpontaneoufly  feparated  from  butter ;  it 
then  acquires  an  acrid  and  rancid  fmell  and  tafle,  which 
is  partly  corrected  by  wafhing  it  in  alcohol  to  take  away 
the  acid.  Hence  it  appears  that  butter  is  very  little  dif- 
ferent in  it's  chemical  properties  from  the  fat  oils  of  the 
vegetable  kingdom. 
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It's  particles  give   the  yellow  colour  to  milk.     Vide 

milk. 

Train  oil.  Oil  of  fi1\  or  threw,  or  train  oil.     This  is  fluid,   ahout 

the  confidence  of  fyrnp,  and  is  verv  common  in  various 

manufactures,    where  it  is   employed    for   various   ufes. 

Vr.  Priest-   Few  experiments   have  been   made  upon  this  oil.     Dr. 

ItmentT1*"  Prieflley,  «as?  however,  informed  us  of  fomc  curious  cir- 

upon  it.       cumftances  refpecYmg   it.      They   were  in  confequence 

with  ni-     of  an  attempt  to  confine  the  nitrous  acid  vapour  by  means 

troisand    0f  animal  oils,  and   the  oil  he  ufed  was  whale  oil.     He 

vapour. 

found  that  on  mixing  nitrous  vapour  and  nitrous  air  with 
this  oil  it  became  hot,  and  was  changed  to  a  green  co- 
lour; on  cooling,  it  became  red  and  coagulated ;  and 
when  mixed  with  other  oil,  it  feparated  from  it  and  funk 
to  the  bottom  exactly  like  the  ice  of  oil,  and  continued 
there  without  mixing  with  the  reft  of  the  oil.  On  mak- 
ing a  quantity  of  alcaline  air  pafs  through  the  oil,  fatu- 
rated  with  nitrous  vapour  in  order  to  mix  it  with  fomc 
air  that  had  titled  from  it,  the  oil,  from  be  ng  red_,  be- 
came almoft  quite  black. 

A  part  of  the  whale  oil  that  had  been  ufed  in  his  firft 
attempts  to  confine  the  nitrous  acid  vapour,  of  a  dark  red 
colour,  and  coagulated,  being  melted  and  put  into 
another  phial,  and  then  impregnated  again  with  frefh 
nitrous  vapour,  became  of  a  deep  blue  colour.  In  cool- 
ing, it  became  of  a  dirty  green,  then  inclined  to  a  yellow, 
became  a  title  fluid,  and  continued  fo. 

A  quantity  of  njn  %uhaie  oil  became  blue  by  tilts  mode 
of  impregnation.  On  cooling,  the  upper  part  became 
ft  iff,  and  airumed  a  light  orange  colour,  while  the  lower 
part  ftill  continued  blue  and  fluid  ;  but  it  became  at 
length  of  a  deep  orange,  and  was  perfectly  coagulated 
throughout.  T  e  oil,  about  two  months  after  impreg- 
nation, on  being  melted,  retained  the  fame  colour  and  it's 
peculiar  fmell,  though  mixed  with  that  of  the  fpirit  of 
nitre* 
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From  his  experiment  upon  this  oil  and  others,  he  found 
that  all  oils  readily  decompofe  nitrous  air  as  well  as  im- 
bibe nitrous  vapour;  that  the  effects  of  this  impregna- 
tion is,  that  they  are  in  general  coagulated  and  become 
of  a  red  colour;  and  that  in  all  cafes  in  which  nitrous 
air  is  decompofed,  Dr.  Prieftley  found  it  is  reduced  to  the 
ftate  of  phlogifticated  air.  It  is  in  this  way  that  he  ex- 
plains the  phenomena  which  took  place  in  his  experi- 
ments on  the  whale  oil  above  mentioned.  But  the  phe- 
nomena attending  the  procefTes,  from  the  firft  to  the  la(t 
ftage  of  impregnation,  are  very  various  and  remarkable. 

The   firft  exprefs  mention  of  foaps  occurs   in  Pliny,  Animal 
and  Galen  ;  the  former  declares  it   to  be  an  invention  of  °*k>*' 
the  Gauls,  though  he   prefers  the  German  to  the  Gallic  T1(>ir  a.ri_ 
foaps  :   Pliny  fays  that  foap  was  made  of  tallow  and  allies,  luity- 
that  the  beft  was  made  of  goats'  tallow  and  the  alhes  of 
the  beech  tree,  and  that  there  were  two  kinds  of  it,  hard 
and  foft.     The  author  of  a  work  (De  Simplicibus  Me- 
dicaminibus)  on  fimple  medicines,  which  is  afcribed  to 
Galen,    but   which  Beckmann  is  of    opinion  was   not 
written  by  that  author,   and  of  which  a  Latin  transla- 
tion only  has  been  printed,  fpeaks  of  foap  being  made  by 
a  mixture  of  ox,  goat's,   or  fheep's  tallow,  and  a  lye  of 
allies  ftrengthened   with  quicklime.     He  fays,   the  Ger- 
man foap  was  the  pureft,  the  fatteft,  and  the  beft,  and 
that  the  Gallic  was  next  in  quality. 

This  account  correfponds  more  exactly  with  the  pro- 
cefs  ufed  in  Germany  at  prefent,  while  the  French  ufe 
mineral  alcali,  and  inftead  of  tallow  employ  oil,  which 
appears  to  be  a  later  invention.  Pliny  in  his  defcription 
does  not  fpeak  of  quicklime ;  but  as  he  mentions  a  mix- 
ture of  goats'  tallow  and  quicklime  a  little  before,  it  is 
probable  that  the  lye  of  the  latter  was  then  known  at 
Rome.  Gallic  and  German  foap  are  often  mentioned  by 
later  writers  as  well  as  bv  the  Arabians,  fometimes  on  ac- 
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count,  of  their  external  ufe  as  a  medicine,  and  fometimes 
from  their  wafliing  qualities. 

It  has  already  been  obferved,  that   animal  oils  form 
foaps  with   cauftic  alcalis;   it   is  only  however  in  thefe 
countries  where  the  climate  will   not  produce  the  olive, 
that   they  are  made  ufe   of  in  the  fabrication  of  foap. 
Olive  oil  forms  a  foap  far  fuperior  to  animal  oils ;  but 
they  in  their  turn   are  preferable  to  the  expreffed  oils  of 
r      .        vegetable  feeds.     Some  experiments  on  the  fabrieation  of 
mentson     animal  foaps  have  been  made  by  Darcey,  Lelievre,   an  J 
of  foaps  by  PelJetier ;  the  method  they  ufed,  was  to  render  the  foda 
Daicey,&c.  cauft.jc  j^  means  of  lime  ;  they  then  boiled  the  alcali  and 
oil  together  until  the  foapy  matter  began   to  feparate, 
marine  fait  was  then  added  to  finifh  the  reparation. 

They  took  eight  pounds  of  fuet,  which,  bv  uniting  with 
cauftic  foda,  compofed  a  foap  that  weighed  eight  pounds 
fourteen  ounces;  it  was  of  a  good  quality,  of  a  white 
colour,  preferved  however  a  little  odour  of  the  fuet; 
kept  for  three  months  and  a  half  in  a  dry  place,  it  had 
loft  three  pounds  fourteen  ounces,  but  had  acquired  a 
great  degree  of  folidity. 

By  the  union  of  three  pounds  of  lard  with  cauftic  foda,  a 
foap  was  formed  that  weighed  eight  ounces  and  half;  it  was 
very  white  and  folid,  and  it's  odour  was  not  difagreeable. 
On  exppfure  to  the  air  for  three  months,  it  only  weighed 
four  pounds  fourteen  ounces.     It  was  then  very  dry. 

Three  pounds  of  rancid  fait  butter,  after  being  deprived 
of  it's  fait  bv  water,  formed  a  foap  that  weighed  eleven 
pounds;  it  was  very  white,  but  retained  a  little  of  it's 
rancid  odour.  Expofed  in  a  dry  place  it  loft  much  of 
it's  weight. 

The  fame  quantity  of  what  is  called  horfe  oil  (huile 
de  cheval)  at  Paris,  when  united  with  foda,  formed  a 
foap  that  weighed  feven  pounds;  it  was  white,  and  of  a 
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good  confidence.  On  expofure  to  the  air  for  two  months 
it  loft  two  pounds.  It  had  no  difagreeable  odour,  and 
acquired  great  folidity. 

A  fimiiar  quantity  of  whale  oil  united  with  foda 
weighed  five  pounds  ;  it  was  of  a  dirty  grey  colour,  and 
had  a  difagreeable  odour.  On  being  kept  two  months  in  a 
dry  place  it  loft  eight  ounces  of  it's  weight;  but  it  had 
acquired  fo  deep  a  brown  colour  externally,  as  to  appear 
red.  It  was  of  pretty  firm  confidence,  but  not  dry  like 
the  olive  foap.  Soaps  made  of  fiih  oil,  and  of  the  oil. of 
the  cod  fifti,  greatly  refembled  it. 

Henry  made  fome  experiments  to  try  the  action  of  Metallic 
metallic  oxyds  and  earths  upon  oils,  in  low  degrees  ofeaithson 
heat.  He  digefted  2  ounces  of  fpermaceti  oil  with  one°IS' 
drachm  of  white  arfenic,  in  a  heat  of  180°  of  Fahren- 
heit, for  fix  hours,  and  let  it  ftand  till  next  morning. 
1  he  oil  was  then  perfectly  clear  and  colourlefs,  and  hea- 
vier than  before.  A  great  part  of  the  arfenic,  however, 
remained  undiiTolved  at  the  bottom  of  the  digefting 
veiTel.  Thick  train  oil  was  digefted  with  one  drachm 
and  a  half  of  white  arfenic.  No  great  alteration  was 
obferved  in  the  colour  ;  but  it  was  clearer  and  more  lim- 
pid. As  a  confiderable  portion  of  arfenic  was  diilblved, 
he  wiihed  to  precipitate  it  fo  as  to  leave  the  oils  pure  and 
colourlefs;  and  on  putting  a  few  drops  of  vitriolic  acid 
to  portions  of  them,  the  arfenic  was  depofited,  leaving  the 
oil,  particularly  the  fpermaceti  oi!,  as  pure  and  colourlefs 
as  before.  Nitrous  acid  changed  the  train  oil  to  a  dark 
brown. 

Three  ounces  of  fpermaceti  oil  were  digefted  with  one 
drachm  of  litharge  for  fix  hours,  at  200°  of  Fahrenheit ; 
it  became  clearer,  but  not  fo  colourlefs  as  when  treated 
with  arfenic:  the  litharge  was  changed  to  a  white  colour. 
Train  oil  was  but  little  affected  in  low  degrees  of  heat, 
but  in  higher  became  difcoloured ;  vitriolic  acid  added, 
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precipitated  the  litharge  from  the  fpermaceti  oil,  and  left 
it  pure  and  clear,  though  not  quite  colourlefs.  Nitrous 
acid  changed  them  to  a  dark  brown.  Two  ounces  of 
fpermaceti  and  half  a  drachm  of  red  lead,  digefted  eight 
hours,  the  oil  was  not  changed  ;  the  heat  being  increafed 
till  nearly  boiling,  it  became  dark  and  difcoloured.  Train 
oil  the  fame.  White  lead  and  the  oxyds  of  copper 
formed  on  the  diftillation  of  acetated  copper,  had  the 
fame  effect  with  the  red  lead  -,  but  lefs  of  the  oxyds  of 
copper  appeared  to  be  diffolved  than  of  thofc  of  lead. 

Two  ounces  of  fpermaceti  oil  and  one  drachm  of  earth 
of  alum,  precipitated  from  a  folution  of  alum  by  potafh, 
were  placed  three   hours  in  a  fand   heat  from   180°  to 
190°.     The  oil  became  clear  and  colourlefs,  the   gluten 
having  fallen  with  the  earth.     Train  oil  was  likewiie 
rendered  much  purer  by  the  fame  means,  but  not  equal 
to  it.     Aerated  and  pure  magnefia  precipitated  the  muci- 
lage whilft  warm  ;  but  on  coolings  the   mucilage   and 
magnefia  rofe  and  mixed  again  with  the  oils.     Two  grains 
of  pure  lime,  added  to  one  ounce  of  each,  turned  them 
thick  and  dark  coloured  in  the  cold.     In  the  experiments 
with  the  earths,  not  the  fmalleit  particle  feemed  to  be  dif- 
folved,  as  on  the  addition  of  any  of  the  acids,  they  m- 
itantly  changed  to  a  very  dark  colour.     It  appears,  that 
the  metallic  oxyd  gives  up  it's  oxygen  to  the  oil,  while  the 
mucilage  of  the  oil  unites  to  the  metal ;  hence,  probably, 
in  high  coloured  oils,  the  fuperabundant  carbon  unites 
with  the  part  of  the  oxygen  of  the  calx,  and  forms  car- 
bonic acid,  and  divefrs  the  oil  of  it's  colour,  whilft  the 
oxyd  attracting  the  mucilage,  may  contribute  to  the  fame 
end.     Yet  it  is  very   remarkable,    that  an  earthy   fub- 
fiance  or  alumine,  which  is  not  known  to  contain  either 
oxygenous  or  carbonic  gas,  mould  difcolour  oils  more 
powerfully  than  moft  of  the  metallic  oxyds,  and  equally 
with  any  of  them,     This  earth  has  a  ftrong  attraction 
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for  colouring  matter,  and  on  this  property  depends  it's  ufe 
in  dying. 

Animal  volatile  oiL     The  oils  already   mentioned,   W£  Animal  yo» 
have  feen,  are  mild  both  in  fmell  and  tafte,   infoluble  in  |atl  e 
Water  and  alcohol,  do  not  rile  at  a  boiling  heat,  contain 
a  large  proportion  of  acid,  and  are  already  formed  in  the 
animal  in  a  fixed  ftate.     In  the  diftillation  of  animal  fub- 
flancesj  however,  and  particularly  of  the  more  gelatinous 
kinds,  when  puihed  beyond  the  boiling  point,  there  arifes 
another   oil   from  the  union    of  it's   component   parts 
which  are  difengaged  by  the  heat,  and   whieh  oil,  from 
it's  burnt  fmell,  has  been  called  an  empy?  cumatic  oil ;   in- 
comes over  with  a  quantity  of  volatile  alkali,  is  more  or 
lefs  dark  coloured  according  to  the  quantity  of  carbon  it 
contains,  and  from  being  at  fir  ft   fluid,  becomes  thicker 
and  deeper  coloured  as  the  heat  is  increafed,  until  it  is  of 
the  confidence  of  tar.  According  to  Spielman,  the  animal 
is  (harper,  according  to  Machv,  richer  in  ammonia,  than 
the  vegetable  empyreumatic  oil.     This  oil,  when  rectified 
by  diftillation,  and  in  it's  pure  ftate,  is  quite  colourlefs, 
and  it  is  called,  from  it's  volatility*  anhnal  volatile  oil.  or  r 

J  3  .  ^         Its    proper- 

oleum  animate  Dippelii ;  and  porTefTes  many  different  pro-  ties  different 
perties  from  the  fixed  oils  before  mentioned.  fixed  oits. 

It  has  a  ftrong  penetrating  aromatic  fmell,  a  ftrong 
fharp  tafte,  but  by  far  not  fo  difgufting  as  the  empyreu- 
matic oil ;  it  is  perfectly  tranfparent,  and,  after  tether, 
the  lighteft  of  all  fluids,  fince  a  flafk  that  contains  half  an 
ounce  and  fix  grains  of  the  beft  cether  only  holds  half 
an  ounce  and  fifieen  grains  of  this  oil ;  it  is  likewife  nearly 
as  thin  and  volatile. 

It  is  in  part  foluble  in  water,  and  by  repeated  agitation 
with  it,  changes  the  fyrup  of  violets  green,  ariling,  accord- 
ing to  Parmentier,  from  it's  ammonia. 

With  the  vitriolic  acid  it  forms,  according  to  Achard, 
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an  acid  foap,  and  it  fcparates  it  from  the  muriatic  acid  in 
that  ftate. 

Muriatic  acid  diffolved  it  at  the  boiling  point,  and  it 
became  black  and  thick ;  with  four  parts  of  this  acid  there 
was  even  an  incipient  folution  in  the  cold,  and  the  mix- 
ture became  brown. 

Diluted  nitrous  acid,  according  to  Leonhardi,  produced 
a  purple  colour  with  it,  but  at  the  boiling  point,  converted 
it  into  a  dark  blue,  foaming,  thick  mafs  :  with  fmokirig 
nitrous  acid  it  inflames,  and  when  concentrated,  takes  it 
from  the  muriatic  acid,  and  forms  with  it  a  black  refin. 
The  acetous  acid  diffolves  it. 

Crell  obtained  a  foap  with  the  vegetable,  and  the  oil 
from  i'uet;  and  Schulze  obferved,  that  an  aqueous  folution 
of  the  alkaline  foap,  made  by  long  trituration  with  Dip- 
pel's  oil  and  tartar,  precipitated  Pruflian  blue  from  afolu. 
tion  of  vitriol  of  iron.  Alkalis  alfo  feparate  this  oil  from 
the  muriatic  acid  in  the  ftate  of  foap. 
It  is  diffolved  by  fpirit  of  wine. 

Expofed  to  the  atmofphere,  it  becomes  coloured,  fir  ft 
yellowifh,  then  brown,  and  lofes  it's  transparency. 

It  does  not  change  the  colour  of  litmus  paper,  or  fyrup 
of  violets,  fo  as  to  fhow  the  prefence  of  an  acid  or  al- 
kali. 

Hildebrandt  thinks  it  differs  from  ^vegetable  ethereal 
oils  only  by  the  phofphorus  it  contains.     The  properties 
of  this  animal  volatile  oil  fufficiently  mow  the  difference 
Opinions     between  it  and  the  other  animal  oils;  but,  according  to 
thTprtfcnce  Macquer,  the  mod:  diftinguifhing  character  is,  that  all 
of  an  and  m  0t.her  animal  and  vegetable  oils  contain  an  acid,   which 
appears  on  diftillation,  whilft  this,  on  the  contrary,  ap- 
pears to  fhow  fomething  of  a  volatile  alkaline  nature. 
Pcerner,  however,  is  of  opinion,  that  although  onthefirft 
appearance  this  oil  may  feein  different  from  thofe  of  ve- 
getables, yet  it  is  the  fame  oil  which  has  undergone  a 
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change  from  the  difference  of  the  body  in  which  it  re- 
sided ;  for  if  animal  and  vegetable  oils  be  puflied  to  their 
greateft  ftate  of  fluidity,  and  are  deprived  of  all  foreign 
matter,  no  difference  will  be  obferved.  To  this  may  be 
added,  as  Leonhardi  obferves,  that  although  a  free  acid  or 
an  alkali  has  not  been  proved  to  exift  in  this  animal  oil, 
either  in  it's  empyreumatic  or  pure  ftate,  or  in  other  em- 
pyreumatic  oils,  yet  the  prefence  of  an  united  acid,  or  a 
bafis  capable  of  becoming  fo  in  them,  may  be  conclud- 
ed, lft.  From  the  refemblance  to  all  other  oils.  2d.  From 
the  change  of  colour  to  a  brown,  when  this  volatile  oil 
is  expofed  to  the  atmofphere ;  and  Demachy  found  that 
when  this  oil  was  digefted  with  cauflic  ammonia  it  rer 
mained  colourlefs  ;  on  the  contrary,  acids  foon  coloured 
it,  from  which  it  is  fuppofed  that  it's  brown  or  dark  co- 
lour, when  expofed  to  the  air,  arifes  from  a  difengaged 
acid,  or  from  the  addition  of  vital  air,  the  acidifying 
principle.  3d.  From  the  foliated  matter  obtained  by  Crell, 
on  evaporating  an  aqueous  folution  of  the  fediment,  pro- 
duced from  a  mixture  of  empyreumatic  oil,  with  the  vi- 
triolic and  nitrous  acid  united,  which  perhaps  might  be 
the  oxalic  acid.  4th.  From  Dehnen's  ammoniacal  fait 
in  cryftals  from  fpirit  of  hartfhorn,  andSchulze's  experi- 
ment in  the  precipitation  of  Pruffian  blue,  already  related ; 
where  the  prefence  of  phofphoric  acid  was  fuppofed. 

Although  all  animal  fubftances  afford  this  volatile  oil  Subftancei 
by  diftillation,  yet  all  of  them  are  not  made  ufe  of  for-L^^^ 
that  purpofe.  Thofe  parts  only  are  to  be  chofen  which 
contain  the  pureft  gelatinous  matter,  and  are  free  of  all 
fat  particles ;  fince  they  produce,  at  the  fame  time,  an  acid 
which  is  Separated  with  difficulty ;  hence,  to  procure  it  in 
it's  bed  ftate,  neither  the  fleih,  bones,  nor  even  the  blood 
of  animals  are  chofen,  but  the  different  forts  of  horns, 
particularly  hartfhorn,  as  they  afford  a  large  quantity  of 
pure  gelatin,  which  is  the  moft  productive  of  oil* 
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Model. 


Methods  of      With  refpect  to  the  manner  of  preparing  it.  feveral  ine- 
rrepanng  ! 

ir.  thods  have  been  recommended.     It  is  found  neceflarv  at 

each  didillation  to  change  tbfc  vefielsj  or  at  lead  to  cleanfe 
thole  which  have  been  ufed  ;  as  the  leaft  particle  of  the 
thicker  and  lefs  volatile  parts  is  fufficient.  to  fpoil  a  large 
quantity  of  the  more  volatile  oil.  According  to  Model,  a 
quantity  of  empyreumatic  oil  of  hartfhorn  is  to  be  put  into 
a  clean  retort,  and  having  wrapped  fome  well  warned  li- 
nen round  the  mouth,  it  is  to  be  fubje&ed  to  the  gentle 
heat,  of  a  fand  bath  :  when  a  few  ounces  of  pure  oil  are 
come  over,  which  arifes  after  the  aqueous  part,  and  a  co- 
loured oil  is  beginning  to  mow  itfelf,  the  receiver  is  to  be 
changed;  and  the  oil  which  firft  came  over  being  again 
diftilled,  will  be  found  pure  and  good.  By  this  means  as 
good  an  oil  is  obtained  as  that  got  by  former  chemifts, 
after  50  or  60  diftillations.  A  ftill  better  method,  he 
found,  was,  to  diftil  the  firft  volatile  portion,  with  four 
or  five  times  it's  quantity  of  diftilled  water;  it  is  then  clear 
and  pure ;  he  has  even  fometimes  experienced,  when  the 
empyreumatic  oil  was  not  too  thick,  that  by  the  addition 
of  water,  the  volatile  oil  was  obtained  fufficiently  pure, 
without  undergoing  a  fecond  operation.  Tiloi,  an  apo- 
thecary at  Groningen,  recommends  the  empyreumatic 
oil  of  hartfhorn  to  be  mixed  with  three  or  four  parts  of 
warm  w  "'  r,  and  digefted  for  24  hours;  it  is  then  to  be 
put  into  a  retort,  taking  care  not  to  let  it  touch  the  neck  ; 
a  receiver  is  to  be  luted  to  it,  and  the  dav  after,  it  is  to 
be  di Milled  by  a  gentle  heat  in  the  fand  bath  :  the  firft  oil 
that  comes  is  yellow,  and  mixed  with  a  volatile  alkaline 
fluid ;  the  next  is  purer,  and  the  laft  black  and  thick. 
Hence  the  receiver  is  to  be  changed  three  times  ;  the  fe- 
cond  oil  is  to  be  diftilled  again,  and  the  pureft  part  to  be 
rectified  with  an  equal  quantity  of  water.  Dthke  is  faid 
to  have  improved  the  n-cthod  of  Med  J,  by  advifing  to 
make  ufe  of  a  cucurbit  in  the  didillation  of  the  pure  oil 
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from  the  oil  of  hartfhorn,  as  the  difficult  cleaning  of  the 
neck  of  the  retort  maybe  difpeafed  with  ;  and  when  the 
alembic  becomes  difcoloured  with  yellow  oil,  it  may  al- 
ways be  replaced  by  another.     In  this  manner,  from  rec- 
tifying the  yellow  and  red  oils,  got  from  two  pounds  of 
oil  of  hartfhorn,  which  arife  after  the  white,  together  with 
the  laft,   he  obtained  rather  more  than  514  ounces  of 
beautiful  pure  DippePs  oil.     Previous,  however,  to  this 
chemift,  Schulze   had  already  mentioned   the  ufe  of  a 
cucurbit  with  it's  alembic  in  this  procefs,   in  which,  to 
fpare  the  repeated  rectification,  he  advifes   to  extract  the 
oil  from  unquenched  lime  ;  but  as  the  heat  ariiing  from 
the  lime  might  change  the  white  transparency  of  the  oil, 
as   Crell   found  heat  to  have  this  effect,  it  is  better   let 
alone.     Although  the  name  of  Dippel  has  been  given  to 
this  volatile  animal  oil,  he  was  not  the  flrft  chemift  who 
difcovered  it,  as  Van  Helmont  had  already  mentioned  it 
in  his  Auora  Medicine;  and  Bamberg;   it  appears,  had 
likewife  prepared   it   from   the   human   excrement ;  and 
according  to  Schulze,  Count  Wittgenftein  had  obtained 
it  from  the  fame  fub fiance,  at  Berlin,  in  the  higheft  rec_ 
tified  date. 

As  this  oil  is  very  much  inclined  to  lofe  it's  whitenefs  Method  bt 
and  become  lefs  fluid  by  onlv  expoimg  it  a  mort  time  to  -IU 
the  atmofpheric  air,   from  the  evaporation  of  it's  more 
volatile  parts,  and  the  dark  colour  which  the  remaining 
lefs  volatile  oil  receives,  it  is  neceifary,   in  order  to  pre- 
ferve  it  pure,  to  put  it  in  fmall  vials  as  foon  as  it  is  pre- 
pared, provided  with  ground  floppers,  over  which  caps 
of  bladder  or  lead  are  tied.     Deyne  advifes  a  few  drops  of 
diitilled  water  to  be  previoufly  poured  upon  the  top  of  the 
oil. 

This  oil  has  been  ufed  in  medicine :   it  was  recom-  Recom_ 
mended  by  Dippel,  to  be  given  a  few  hours  before  the  mendc^  hy 

°  -  Dippel  in 

attack  of  the  paroxyfm  of  a  fever,  in  a  dofe  of  between  fevcif. 
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thirty  and  forty  drops,  and  it  was  faid  to  procure  fleep,  and 

prevent  another  paroxyfm.  It  has  likewife  been  ufed   by, 

A"d  hy,   „   and  mentioned  in  the  writings  of  Frederic   HofTmann, 

oclier  phyfi-  °  7 

cians.  Junker,  Boerhaave,  Vater,  Haller  and  Lober,  Machard 
and  Reinhard,  Ludolf,  Hartmann,  Foxe,  Baumer,  Par- 
mentier,  and  others,  who  have  recommended  it  in  various 
difeafes,  and  attributed  very  great  effects  to  it.  It  is  pre- 
pared according  to  the  prefcription  of  the  laft  London 
Pharmacopoeia,  by  diftilling  one  pound  of  the  oil  of 
hartmorn  three  times,  by  the  name  of  oleum  animale. 

The  component  parts  of  oils  are  hydrogen,  carbon, 
oxvgen,  and  phofphorus ;  but  from  the  want  of  azot, 
they  are  not  looked  upon  as  perfectly  animalized. 

As  there  have  been  various  opinions  refpe&ing  the 
ufes  of  oil  in  the  animal  body,  different  hypothefes  have 

Opinion  of  been  invented  of  it's  formation. 

tionofoiiin      Both  the  ufes  and  formation  of  it  are,  however,  ob- 

bodya.mmal  fcure-  Witn  refpe&  to  it's  formation,  one  of  the  mod 
probable  thefes  is  that  of  Dr.  Beddoes,  which,  although  it 
explains  many  facts  hitherto  inexplicable,  is  fubjecl:  to 
many  exceptions.  The  foundation  on  which  it  refts  is, 
that  whenever  there  is  a  certain  diminution  of  oxygen  in 
the  animal  fyftem,  fat  will  be  produced.  The  following 
obfervations,  according  to  Coindet,  feem  to  fupport  this 
affertion.  The  chemical  analyfis  of  fat  fhows,  that  fix 
parts  of  it  contain  nearly  five  of  carbon,  and  one  of  hy- 
drogen, and  fome  febacic  acid.  The  fat  parts  of  animals 
only  differ  from  the  flefhy,  in  the  lafl  containing  azot  and 
more  oxygen.  By  this  means  the  change  of  mufcles  into 
a  fub fiance  like  fpermaceti  in  the  churchyard  of  the  In- 
nocents at  Paris  has  been  explained  by  Fourcroy,  and  it 
has  been  obferved,  that  fat  in  the  living  body  increafes  at 
the  expenfe  of  the  mufcles,  and  vice  verfa. 

The  want  of  oxygen,  confidercd  as  a  caufe  of  corpu- 
lency, is  indicated  by  the  analogy  which  exifts  between 
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obefily  and  the  fea  (curvy,  which  fecms  only  to  be  owinor 
to  a  gradual  ab  ft  ration  of  a  part  of  the  oxygen  in  the 
fyflem.  The  fea  fcurvy  is  never  announced  by  meager- 
nefs,  for  a  fullnefs  of  the  habit  is  the  firft  fymptom  of  the 
difeafe.  Dr.  Trotter  obferves,  that  when  a  negro  becomes 
lapidly  corpulent,  he  never  fails  to  be  attacked  by  the 
fcurvy,  from  which,  according  to  the  comparifon  of  Dr. 
Beddoes,  it  appears,  that  corpulency  is  to  the  fcurvy 
vhat  cachexy  is  to  dropfy.  According  to  Sauffure  and 
Humbolds,  the  atmofphere  of  high  mountains  contain  lefs 
oxygen  than  that  of  lower  regions,  which  explains  why 
Condamine  was  attacked  by  fcorbutic  fymptoms  on  the 
iimmit  of  Pinchina.  All  the  fymptoms  of  fcurvy  prove 
ike  wife  that  it  arifes  from  a  privation  of  oxygen  :  thus 
the  furface  of  the  body  is  covered  with  livid  fpots,  the 
arterial  blood  is  very  little  fluid  ;  and  after  death,  the  left 
auricle  is  filled  with  venous  blood  ;  wliich  Dr.  Goodwin 
found  in  animals  that  had  been  deprived  of  life  for  want 
of  oxygen.  Dr.  Lind  informs  us,  that  when  death  has 
been  fudden,  and  no  effufion  is  found  in  the  cavities  ot 
the  body,  the  auricles  and  ventricles  are  filled  with  blood, 
and  efpecially  the  left  iide  of  the  heart,  which  is  the  morfc 
remarkable,  fince  that  fide  rarely  contains  much  blood 
after  death. 

Country  people  know  from  experience,  that  to  fatten 
poultry,  they  muft  be  kept  in  darknefs  ;  that  fubftances 
proper  for  prolonging  their  fleep  muft  be  mixed  with  their 
food,  as  tares,  or  fpirituous  liquors.  It  is  a  curious  cir- 
cumftance,  that  the  age  when  the  fecretion  of  fat  is  moft 
considerable  is  about  the  40th  year,  a  time  when  the 
arterial  fyftem  ceafes  to  act  fuch  a  confpicuous  part  in  the 
animal  ceconomy  :  cither,  as  Dr.  Coindet  thinks,  it  is 
then  offified,  or  in  part  obliterated,  while  the  venous  fyf- 
tem coming  more  and  more  into  action,  acquires  that 
influence  fo  confiderable  in  old  age.     Perhaps  the  arte- 
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rie?,,  the  action  of '.which  is  then  yifiblydiminiflied,  furniih 
the  fyflem  with  lefs  oxygen  at  that  period,  which  may  be 
looked  upon  as  the  caufe  of  the  corpulency  of  middle 
aged  people. 

It  may  be  objected,  that  children,  whofe  venous  fyf- 
iem  is  not  yet  developed,  have,  however,  a  remarkable 
plumpnefs.  But  this  difficulty  has  been  refolved  in  the 
following  manner  :  The  venous  blood,  when  it  arrives  at 
the  lungs,  undergoes  changes  that  are  well  known  ;  and  it 
may  happen,  that  as  refpiralion  is  more  or  lefs  perfect, 
the  blood  may  lofe  a  greater  or  lefs  quantity  of  carbon  or 
hydrogen.  In  proportion  as  it  lofes  lefs,  the  fecretion  of 
the  fat  will  be  more  abundant,  which  affords  an  expla- 
nation of  the  enormous  quantity  of  fat  in  amphibious 
animals,  and  fifh,  whofe  refpiration  is  imperfect.  They 
retain,  therefore,  more  hydrogen  and  carbon,  which  paf- 
fing  into  the  arteries,  Dr.  Coindet  thinks,  occafion  thai 
confiderabie  fecretion  of  fat,  and  probably  produce  thai 
voluminous  fize  of  liver,  found  in  fifhes,  in  which  the  cir- 
culation is  fuch,  that  almoft  the  whole  blood  goes  to  the  li- 
ver, either  to  operate  there  a  fecretion  of  fat,  or  of  bile,  the 
.conftituent  parts  of.  which  do  not  differ  much  from  thoft 
pf  the  formerP  The  fame  reafon  may  be  given  why  chil- 
dren, who  do  not  refpire  in  the  womb,  have  a  full  habit  of 
t>ody  until  the  third  or  fourth  year,  for  the  foramen  ovab 
is  not  obliterated  until  that  period.  This  feems  to  be 
confirmed  by  the  obfervations  quoted  in  the  medical 
tranfactions  of  London,  and  by  thofe  of  profefTor  Sandi- 
fort,  of  Leyden,  which  give  an  account  of  individuals  re- 
markable for  their  corpulency,  in  whom  it  was  found  on 
diffection,  that  the  foramen  ovale  was  not  clofed  up,  from 
which  it  appears,  that  the  greater  part  of  the  venous 
blood  paffed  directly  from  the  right  into  the  left  ventricle. 
to  be  trafmitted  to  the  aorta,  and  thence  to  circulate 
through  the  whole  fyftem,  without  having  undergone 
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any  of  thofe  changes  which  blood  undergoes  in  the  pro- 
cefs  of  refpiraiion.  Their  lungs  were  diminithed  in  fize, 
and  in  a  collapfed  {tate,  which  indicated  they  had  notdif- 
charged  all  the  functions  of  refpiratory  organs ;  hence 
the  enormous  fize  of  the  liver  in  the  fetus,  and  the  reafon 
why  difeafes  of  the  liver,  fuch  as  fcirrhous  tumours,  &c. 
are  incident  to  people  who  are  more  or  lefs  corpulent. 
The  blood  of  plethoric,  or  of  fat  people,  is  alfo  commonly 
of  a  darker  colour;  and  more  vifcous  than  that  of  lean 
people,  which  laft  is  generally  very  fluid.  Thofe  who 
drink  cider  are  more  meager  than  thofe  accuftomed  to 
beer,  porter,  or  other  liquors  of  the  fame  kind.  In  HoU 
land,  and  in  fome  parts  of  England,  the  inhabitants  are 
very  corpulent,  whilft  in  France  they  are  thin,  from  the 
fame  caufes. 

The  facts  and  obfervations  already  made  on  the  forma- 
tion of  oil,  are  fufficient  to  inform  the  reader,  that  future 
experiments  are  neceflary  to  render  it  complete. 
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Animal  acids  had  been  fo  little  in  veftigatcd  at  the  time 
of  Macquer,  that  he  informs  us  in  his  dictionary,  it  was 
not  perfectly  afcertained  whether  they  were  effentiallv  dif- 
ferent from  thofe  of  vegetables.  That  they  differed  from 
the  mineral  acids,  was  granted ;  and  it  was  thought  pro- 
bable, in  the  fame  manner  as  the  vegetable  acids  differed 
from  them,  viz.  by  a  portion  of  oil  which  they  appeared 
to  pofTefs.  He- has  only  mentioned  three  of  thefe  acids,  The; 
that  of  fa^  of  ants,  and  the  phofphoric  acid,  A  verv  few  ing'toMao 
years  afterward,  a  great  addition  was  made  to  this  clafs ;  for  qaer> 
we  find  that  Morveau  in  the  Encyclopedic  Methodique  Mo  ve-u. 
has  reckoned  fix  acids  in  the  animal  kingdom,  viz.  the 
phofphoric,  pruffic^  formic,  fehacic^  galactic,  and  faccharc-g<- 
laclic,  or  faclaclic.  To  thefe  he  afterward  added  three 
more,  the  lit  hie,  the  bo7?ibic,  and  the  gajiric.  It  appears, 
that  the  weaknefs  of  fome  of  thefe  acids  was  attributed  to 
the  oil,  which  was  fuppofed  to  enter  their  compofition  ; 
and  this  chemift  propofes  to  examine  the  truth  of  it's 
being  an  eflential  part,  and  furmifes,  that  perhaps  it  may 
be  feparated  from  them  in  the  fame  manner  as  the  co- 
louring extractive  matter  is  feparated  from  the  acetous 
acid  ;  this  being  done,  he  thinks  they  would  become  more 
ftrong)  and  perhaps  refemble  fome  of  the  acids  already 
known;  and  that  it  is  very  probable  that  the  acids  pro- 
cured from  all  fat  fubftances  might  be  fo  purified,  as  to 
be  identic  with  the  febacic  acid. 

Ker,  who  publifhed  his  dictionary  in  1789,  nearly  three  Ker. 
years  after  the  work  of  Morveau  appeared,  but  had  no  op- 
portunity of  confulting  it,  has  treated  as  animal,  the  acids 
of  ants,  and  fome  other  infers,  of  fat,  of 'milk,  perlatcd '  acidt 
the  phofphoric,  and  the  acids  of  P ruffian  blue,  and  of  fugar 
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mitt*  This  chemift  was  of  opinion,  that  thefe  acids 
had  been  fo  little  inveftigated,  as  not  to  make  it  certain 
whether  they  were  eflentially  different  from  thofe  obtain- 
ed from  vegetables;  "  but  we  are  certain,"  fays  he, 
"  that  they  differ  in  the  fame  circumstances  as  the  Vege- 
table acids  do  from  mineral  acids;  and  probably,  this 
difference  proceeds  from  the  fame  caufe,  which  conftituteS 
the  difference  betwixt  the  vegetable  and  mineral  acids, 
viz.  the  combination  of  oily  particles  with  the  former.'* 

When  the  nature  of  thefe,  as  well  as  acids  in  general, 
were  better  underftood  by  a  further  invefligation  of  their 
properties  and  component  parts;  the  French  chemifts,  and 
more  particularly  Lavoifier,  made  anew  diviflon  of  them, 
Fomcroy.  according  to  their  component  parts  ;  hence  Fourcroy  in  his 
PbiloJophieCben;ique  has  placed  the  animal  acid  in  the  fourth 
clafs  of  acids,  having  their  radicals  compofed  of  three 
bafes,  at  leaft,  viz.  of  carbon,  hydrogen,  and  azot,  which 
united  to  oxygen,  in  various  proportions,  form  the  peculiar 
acid;  and  thefe  he  calls  acids  with  ternary  radicals; 
to  which  Lavoifier  had  added  phofphorus,  but  not  as  an 
effential  part.  They  are  the  lead  known  of  all  the  acids, 
but  have  fome  properties,  which  may  be  confldered  as 
clarTic  characters;  fuch  are  the  properties  of  affording 
ammonia  on  decompofition  by  fire,  and  of  giving  the 
pruflic  acid  by  a  change  in  the  proportion  of  their  prin- 
ciples. 

According  to  Fourcroy,  the  pruflic  acid  appears,  to  this 
clafs  of  acids  in  general,  what  the  oxalic  is  to  the  vege- 
table acids ;  to  which  may  be  added,  that  on  converting 
animal  fubftances  into  oxalic  acid,  by  the  action  of  the 
nitric  acid,  pruflic  acid  is  conftantly  formed  during  the 
action,  which  is  difengaged  in  the  form  of  vapours.  This 
chemift  has  difnnguifhed  feven  animal  acids,  viz.  the 
la5iic,  faccko-laclic,  febac'n\  lit  hie,  formic,  bornbic,  SiVid  PruJJic. 
From    the  diverfity  of  opinions,  refpecting  which  are 
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or  are  not  to  be  ranked  as  animal  acids,  it  is  evident,  that 
principles  are  ftill  wanting  upon  which  their  diftinguiih- 
ing  characters  are  to  be  founded  :  and  if,  in  the  formation 
of  this  clafs,  all  thofe  acids  are  to  be  excluded,  which  are 
not  folely  procured  from  the  animal  kingdom,  feveral 
acids  will  be  refufed  admiffion,  which  to  all  appearance 
are  of  animal  origin. 

With  refpect  to  the  phofphoric  acid,   the  illuftrious  Phofphoric, 
Bergmann  confidered  it  as  belonging  to  all  the  kingdoms. 
Morveau,  however,  is  of  opinion,  that  although  we  have 
no  direct  proofs,  there  is  fome  reafon  to  believe,  that  it 
belongs  exclusively  to  the  animal.    He  fufpects  that  it  is 
only  carried  accidentally  to  the  mineral  and  vegetable 
parts  of  the  creation,  with  the  other  wrecks  of  animated 
bodies,  and  that  it  is  preferved  on: y  by  reafon  of  it's  fixity, 
or  on  account  of  that  indeftro&ibility  which  is  known  to 
be  one  of  it's  principles.     u  If,"  fays  he,  "  this  acid  is 
found  without  having  undergone  any  alteration  amongft 
ofleous  matter,   which  has  been  inhumed  for  ages,   as 
Berniard  has  proved  from  the  analyfis  of  a  piece  of  the 
montagne  aux  os  of  Gailenruth,  in  the  margravate  of  Bay- 
reuth  ;  it  is  evident,  that  the  moft  powerful  agenU  of  de- 
composition, the  moft  energetic  mineral  menftrua,  can- 
not even  by  the  aid  of  time  refolve  it's  radical  principle 
into  it's  elements,  and  are  confined  to  depriving  it  of  it's 
balls  only  under  certain  circumftances."     He  however 
confeffes,  that  this  hypothefis  has  no  other  foundation 
than  the  great  proportion  of  phofphoric  acid  which   all 
animal  matters  afford,   and  which  living  animals  daily 
furnifh  in  their  excrements,  and  the  quantity  compared 
to  that  which  may  be  fuppofed  to  exift  in  their  ali- 
ments. 

The  febacic  acid  is  common  to  both  vegetable  and  ani-  Sebacic, 
mal  oils. 
The  zoonic  acid.,  firft  difcoyered  by  Berthollet,  in  the  Zoonic 
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clidlllation  of  animal  fubftances,  is  likewife  found  in  fom^ 
vegetable  matters,  on  fubmitting  them  to  the  fame  pro- 
cefs,  as  in  the  gluten  of  flour,  yeaft,  &c. 

There  are  other  acids  which  have  likewife  been  ex- 
tracted from  animal  fubftances,  which  have  not  onlv  a 
lefs  title  to  being  called  animal,  but  which  evidently  do 
not  belong  to  them.  Thus  Berthollet  has  been  able,  by 
the  means  of  nitrous  acid,  to  extract  the  oxalic  acid  from 
Oxalic  and  feveral  animal  fubftances;  and  Scheele  difcovered  the 
mahc  nialic  acid,  and  it  appears,  that  thefe  two  acids  generally 
accompany  each  other.  It  is  neceflary,  however,  that 
the  nitrous  acid  be  concentrated.  Scheele  poured  two 
parts  of  fuming  nitrous  acid  upon  one  part  of  glue,  and 
placed  the  mixture  on  a  fand  bath,  the  glue  was  foon 
diflblved,  emitting  deep  red  vapours.  The  next  day,  he 
found  a  numberof  cryftals  of  the  oxalic  acid,  which  had 
been  formed  on  the  folution  becoming  cool,  and  the  reft 
©f  the  liquor  which  refufed  to  cryftal'ize,  being  faturated 
with  chalk,  the  malic  acid  was  eafily  difengaged  from  it. 
Ifinglafs,  white  and  volk  of  the  egg,  and  blood  treated  in 
the  fame  manner,  afford  the  fame  products.  There  are 
three  important  obfervations  to  be  made  on  thefe  decom- 
pofitions  of  animal  matters,  lft.  A  fat  thick  fubftance 
is  always  feparated.  2d.  If  the  gas  be  collected,  which 
arifes  during  the  operation,  a  little  carbonic  acid  is  found 
in  it ;  a  good  deal  of  azot  gas,  and  a  fmall  quantity  of  ni- 
trous gas ;  it  is  more  particularly  with  the  yolk  of  the 
egg  that  thefe  phenomena  are  the  moft  fenfible.  Scheele 
did  not  find  the  azot  gas  (air  phlogiftiquc)  when  he  pro- 
cured the  oxalic  acid  from  vegetable  fubftances.  3d. 
Every  time  the  oxalic  acid  is  prepared,  there  paffes  into 
the  receiver,  after  the  nitrous  gas,  a  fmall  portion  of  ace- 
tous acid.  Crell  obferves,  that  this  fad  had  been  made 
known  by  Scheele  and  Weftrumb  nearly  at  the  fame 
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time,  and  before  they  could  know  each  pther's  difco- 
very. 

Scheele  having  fubmitted  to  the  fame  operation  what  Benzoic. 
Roueile  has  very  well  named,  the  faponaceous  extratt  of 
urine,  which  is  obtained  as  before  related,  by  evaporat- 
ing it  to  the  confidence  of  honey,  and  having  then  di- 
gefted  it  in  fpirit  of  wine,  to  feparate  the  greater!  part  of 
it's  falts,  and  evaporated  the  fpirituous  folution,  which 
leaves  a  faponaceous  extract  equally  foluble  in  water  or 
alcohol,  found,  that  this  matter  afforded  no  oxalic,  but 
fome  benzoic  acid,  which  was  in  a  ftate  of  a  benzoat  of 
ammonia.  This  acid  does  not  appear  to  be  formed  dur- 
ing the  operation  with  the  nitrous  acid,  becaufe  it  is  only- 
neceffary  to  diflblve  this  urinous  extract  in  a  little  water, 
and  add  to  it  fome  vitriolic  or  muriatic  acid,  in  order  for 
the  liquor  to  become  immediately  turbid  by  the  precipi- 
tation of  the  concrete  benzoic  acid.  The  celebrated 
Roueile  had  well  obferved,  that  this  faponaceous  extracl: 
contained  a  good  deal  of  volatile  alkali,  but  he  did  not 
know  the  acid  to  which  it  was  united. 

The  benzoic  acid  is  alfo  procured  by  diftillation  from 
the  faccholactic  acid  ;  and  the  confequence  which  Scheele 
draws  from  it  is,  that  it  undergoes  no  alteration  in  the 
circulation  of  the  blood.  This  fupports  the  idea  of 
Morveau,  that  vegetable  acids  may  pafs  into  the  animal 
kingdom  without  lofmg  the  characters  that  difclofe  their 
origin.  The  chemift  ought  not  to  neglect  to  follow  thefe 
acids  into  thefe  emigration?,  becaufe  it  is  only  by  fuch 
means  that  the  fyftem  of  their  properties  can  be  com- 
pleted, their  analyfis  rendered  exact,  and  a  fclid  bafis 
prepared  for  phyfiological  investigation.  To  thefe  may 
be  added  the  acetous  acid,  which  is  obferved  to  be  pro-  Acetous. 
duced  from  the  fpontancous  fermentation  of  broths. 

Having  thus  given  a  fhort  account  of  the  acids  that  are 
found  in  vegetables,  as  well  as  in  animals,  it  may  be  ob- 
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fervcd,  that  thofe  acids  which  are  purely  of  animal  ori- 
gin are  few  in  number,  fix  being  perhaps  the  iitmoft, 
and  are  the  following,  formic.  Iodic  9  faccholaclic,  bomhic, 
titbit^  and  amniotic  ;  they  are  faid  by  Fourcroy,  as  before 
obferved,  to  be  characterized  by  affording  ammonia  and 
the  pruffic  acid  by  heat.  As,  however,  the  phofphotlc,  fc- 
bacic,  and  zconic  acids,  may  be  fuppofed  to  derive  their 
origin  from  thofe  parts  of  vegetables  which  may  be  look- 
ed upon  as  annualized  in  a  greater  or  lefs  degree,  it  lias 
been  thought  proper  to  admit  them  in  the  prefenr.  article 
of  animal  acids,  till  future  inveftigationmall  determine  to 
what  clafs  they  really  belong.  With  refpect  to  the  pruf- 
fic acid,  as  it  is  evidently  an  artificial  acid,  it  has  been 
left  out.  The  number  of  acids  therefore  which  are  fup- 
pofed to  derive  their  origin  and  characters  from  the  pro- 
cefs  of  animalization  may  be  extended  to  nine. 
Other  add*  Befides  thefe,  the  animal  kingdom  is  fuppofed  to  afford 
ril/a^imai"  otners5  particularly  amongft  infects,  but  which  have  not 
kmgdarr^  as  yCt  imc]erg0nc  any  chemical  investigation ;  and  it  is 
fufpected,  that  the  generality,  if  not  all  of  them,  are  capa- 
ble of  affording  an  acid  liquor,  which  they  contain  in  a 
di  fen  craved  ft  ate. 

Thus,  it  has  been  long  ago  obferved  by  Hooke,  that 
infects  of  the  hymenoptera  clafs,  which  are  furnifhed 
with  ftings,  fuch  as  bees,  wafps,  hornets,  are  alfo  pro- 
vided with  an  acid  liquor,  which  they  difcharge  on  being 
-  irritated,  in  their  own  defence.  Some  of  the  clafs  dip- 
tera,  as  the  mofchetto  and  the  fmall  gnat,  have  been  ob  * 
ferved,  on  flying  into  the  mouth,  to  imprefs  a  manifeft 
acidity  on  the  organs  of  tafte  ;  and  Fourcroy  has  often 
obferved,  that  the  bupreftis  and  ftaphilinus  of  tlie  coleop- 
tera  clafs  reddened  the  blue  paper  of  fuch  boxes  as  they 
were  confined  in.  Chauflier  has  drawn  an  acid  from  the 
grafshopper,  the  red  bug,  the  lampyris,  and  feveral  other 
infects,  by  means  of  digeftion  in  alcohol.     Lifter  ihdi- 


ACIDS.  51 

cates  a  fpecies  of  millepedes  (Collect.  acad.T.  2.  p.  303.) 
which  contains  an  acid.  Leonhardi  informs  us,  that  an 
acid  may  be  extracted  from  the  lociift  by  alcohol,  whilfl 
Dehne  found  one  in  the  meloe  profcarabaeus  and  maialis  ; 
(Crell's  N.  Ent.  xiii.  166  f.)  and  Bonnet  has  obferved, 
(Savans  etrang.  T.  2.  p.  276.)  that  the  liquor  fpurted  by 
the  great  caterpillar  of  the  willow  in  it's  own  defence  is  an 
acid,  and  very  active  in  it's  effects,  by  occaiioning  a  fenfe 
of  burning;  that  it  is  perfectly  clear  and  colourlefs,  and 
fmells  and  taftes  like  concentrated  vinegar,  to  which 
Bergmann  compares  it ;  that  it  coagulates  blood,  depofits 
a  coagulable  lymph  in  alcohol,  and  reddens  the  blue  pa- 
per of  litmus ;  but,  however,  from  it's  great  volatility 
is  foon  diffipated. 

Formic  acid. — There  can  be  no  doubt  that  the  ftrong  Formic 
acid  fmell  which  is  obferved  to  arife  from  the  atmofphere 
of  an  ant-bed,  after  being  difturbed,  muft  have  been 
known  to  the  ancients,  but  from  their  want  of  chemical  L'shiftory. 
knowledge,  it  is  not  very  extraordinary  they  mould  have 
been  ignorant  of  it's  being  owing  to  a  peculiar  acid. 
According  to  Morveau,  it  was  not  till  nearlv  the  end  of 
the  15th  century,  that  fome  botanifts  obferved,  with  fur- 
prize,  that  the  blue  colour  of  the  flower  of  the  cichory, 
when  call  into  a  heap  of  ants,  beca?ne  as  red  as  blood. 
Mention  of  this  fact  is  made  in  the  works  of  Langham, 
Hieronimus  Tragus,  Otfton  Bransfeld,  and  John  Bau- 
hin. 

In  1688,  Huncrvvolf  publiflied  an  account,  in  the 
Ephemerides  of  Germany,  of  a  fuller  having  been  cured 
of  a  head-ach,  to  which  he  had  long  been  fubject,  as 
he  was  (landing  over  an  ant-bed,  in  order  to  procure 
fome  of  the  infects;  and  that  his  hands  had  been  exco- 
riated by  the  acid  liquor  they  emitted. 

This  acid  liquor,  however,  was  not  thoroughly  eftablifhed  Filter. 
as  an  acid,  and  procured  in  aliquid  form,  until  Samuel  Fifiicr 
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obtained  fome  on  treating  animal  fubftances  by  diftilla- 
tion;  he  tried  it's  action  on  lead  and  iron,  and  commu- 
nicated his  obfervations  to  John  Wray,  who  inferted 
them  in  the  Philofophical  Tranfactions  for  the  year  16/0; 
which  diftillation  has  fince  been  defcribed  by  Etmuller  in 
his  works  on  pharmacy. 

Hoffmann!  Hoffmann  afterwards  extracted  fpirit  of  wine  from 
thefc  infects,  and  called  the  product  he  obtained,  in  the 
alchemical  ftyle,  water  of  magnanimity. 

The  exiftence  of  this  acid  was  alfo  proved  by  Sperling, 
Romberg,  and  Cafper  Neumann  ;  and  numerous  experi- 
ments were  likewife  made  upon  it  by  the  celebrated  Mar- 
graaf ;  but  for  the  beft  difTertation  on  this  fubject  we  are 
indebted  to  Arvidfon  and  Oehrn. 

Margraafi  Margraaf  examined  it  in  1749,  and  it  is  from  his  ex- 
periments that  Macquer  has  compiled  the  article  of  this 
acid  in  his  excellent  dictionary.  Margraaf  found,  that 
when  thefe  animals  were  fhaken,  either  in  water  or  fpirit 
of  wine,  they  communicated  an  acid  tafte;  that  this  acid 
is  fo  volatile  as  to  arife  with  the  alcohol  in  diftillation ; 
but.  that  the  greater  part  is  fuffieiently  fixed  to  remain 
united  with  thi  remaining  phlegm  ',  that  all  the  acid  may 
be  obtained  from  thefe  infects,  on  fubmitting  the  water 
charged  with  them  to  diftillation  in  a  water  bath.  Mar- 
graaf obtainexl  11  oz.  2  drachms  of  acid  fpirit  from 
twenty-four  ounces  of  frefh  aats  without  any  addition. 
He  found  that  this  acid  had  the  principal  properties  of 
other  acids,  that  it  formed  deliquefcent  cryftals  with  fixed 
alkalis,  which  expofed  to  a  great  heat  gave  two  fluids,  the. 
one  fcarcely  acid,  and  the  other  urinous  or  alkaline ; 
whilft  the  remainder,  difTolved  in  water  and  evaporated, 
afforded  large  cryftals,  which  had  all  the  properties  of 
fixed  alkalis.  If,  however,  the  vitriolic  acid  be  poured 
on  thefe  alkaline  cryftals,  white  vapours  arifc,  although 
no  acid  is  procured  by  diftillation.     From  thefe  white 
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vapours,  and  the  eafe  with  which  this  fait  eryftallizes, 
Margraaf  conjectured  the  prefence  of  a  concealed  acid. 
With  the  volatile  alkali  it  formed  an  ammoniacal  fluid, 
which  was  equally  as  uncryftallizable,  as  if  vinegar  had 
been  ufed  inftead  of  this  acid.  It  formed  cryftallizable 
falts,  however,  with  unquenched  lime,  chalk,  and  coral. 

With'refpect  to  metals,  Margraaf  found  that  it  had  but 
little  or  no  action  on  filver,  lead,  tin,  and  antimony, 
fomewhat  more  on  copper ;  whilft  it  fhowed  a  very  ftrong 
menftrual  power  on  iron  and  zinc.  It  likewife  diffolved 
the  calces  of  filver,  copper,  lime,  and  lead  ;  but  had  no 
effect  on  thofe  of  mercury,  bifmuth,  and  antimony.  It 
vitrifies  the  calx  of  mercury. 

From  this  acid  not  precipitating  filver,  lead,  or  quick- 
filver,  from  their  folutions  in  nitrous  acid,  this  chemift 
affirms  it  has  no  fimilaritv  with  the  muriatic  acid,  and 
from  it's  not  taking  lime  from  the  muriatic  acid,  that  it 
does  not  agree  with  the  vitriolic  ;  but  concludes  from  the 
above  experiments,  with  which  Macquer  coincides,  that 
it  has  many,  but  not  all  the  properties  of  vinegar. 

In  the  year  1770,  that  mod  excellent  chemift  Rouelle,  Roueiic. 
having  previously  confirmed  the  above  facts  by  experi- 
ments, expofed  them  in  his  lectures  to  the  ftudents  in 
the  king's  garden.  We  are  told,  by  Macquer,  that  he 
had  obtained  the  fame  products  from  thefe  infects  as 
Margraaf,  with  a  fmall  difference  in  the  quantity  of  oil 
obtained  by  diftillation. 

In  1777  Arvidfon  and  Oehrn  endeavoured  to  compleat  Arvidfon 
our  knowledge  of  this  acid  in  an  excellent  differtation, 
which  they  publifhed  at  Leipfic,  and  which  has  princi- 
pally ferved  Morveau  for  his  account  of  it  in  the  Ency- 
clopedic Mahodique, 

It  appears  from  thefe  two  chemifts,  that  all  fpecies  of 
ants  are  not  equally  good  for  the  extraction  of  this  acid. 
Thus,  the  fmall  red  ant,  commonly  found  in  gardens, 
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affords  very  little  of  it;  the  fame  may  be  (kid  of  thofe 

fpecics  called  by  Linnaeus,  bercula?ien,  fufca>  cefpetum  :  the 

The  fpecies  fpecies  which  fupplies  it  in  the  greateft  quantity  is   of  a 

it  in  the*  *   rcddifti  colour,  and  of  a  middle  fize,  called  by  Linnaeus, 

largeft        formica  rufa  ;    it  generally  inhabits  the   woods,   but   is 

fometimes  found  in  gardens  and  in  fields   near   cities, 

more  particularly  in  places  that  are  a  little   elevated  and 

dry. 

Seafon  for         Every  feafon   is  not  proper  for  their  collection  ;    they 

them!"1*     contain   the   moft  acid  during  the  months  of  June  and 

July;    at  this  time   it   is   onlv  fufficient   to  prefs  one  of 

thefe  ants  on  a  piece  of  paper  coloured   blue  by  litmus, 

to  give  it  the  moft  lively  red  colour :  they  will  fometimes 

even  leave  fpots  of  this  colour  by  (imply  marching  over 

it;  when  this  happens,  it  is  a  proof  that  the  fpecies  and 

the  feafon  cannot  be  better  chofen. 

JSSaJf       In  order  t0  collea  theni>  fma11  fticks  muft  be  P]acecl 
the  ants.      over  the  ant  bed  after  it  has  been  opened  ;  and  when  the 

ants  have  attached  Vuemfelves  to  this,  they  are  to  be 
fhaken  off  into  a  large  earthen  vefTel  filled  with  water,  un- 
til it  is  fo  full  as  not  to  be  able  to  deftroy  any  more  ;  they 
are  then  to  be  cleanfed  of  all  foreign  matter,  and  gently 
dried  ;  they  are  then  fit  for  ufe. 
Two  ways       To  extract  the  acid  from  thefe  ants  there  are  two  me- 

ing  the  acid.  tn°ds,  viz.  by  rlt/iillation^  and    by  lixivialiom     With  re- 
1.  Bydif-  ' 


tiliati 


...<!. 


fpect  to  the  firft,  a  glafs  retort  is  to  be  filled  half  full  of 
them,  a  receiver  affixed,  a  gentle  heat  is  to  be  applied, 
and  augmented  by  degrees,  until  all  the  acid  has  pafted 
over.  In  the  receiver  the  formic  acid  is  found,  which  is 
very  acid  in  a  liquid  ftate,  with  a  little  empyreumatic  oil 
on  it's  furface,  whioh  muft  be  feparated  by  means  of  a 
ftrainer  previoufly  fteeped  in  water.  In  this  manner  Arvid- 
fon  and  Ohm  extracted  feven  ounces  and  half  of  acid 
from  one  pound  of  ants,  the  fpecific  gravity  of  which* 
at  a  temperature  of  15°  above  zero,  was  to  that  of  w*er 


ACIDS. 

vis  1,0075  to  1,0000.  Morveau  informs  us,  that  he  ob- 
tained from  49  ounces  of  ants,  23  ounces  2  drachms  of 
a  pretty  flrong  acid.  Some  pour  a  little  water  into  the 
retort,  but  this  only  ferves  to  weaken  the  acid. 

Tnefe  chemifts  have  found  another  way  of  procuring  this 
acid,  which  is  lefs  embarraffing  :  the  ants  are  firft  to 
be  warned  with  cold  water,  they  are  then  to  be  extended 
upon  a  clean  linen,  and  boiling  water  poured  on  them  ; 
when  the  water  becomes  cool,  freih  boiling  water  is  to  be 
poured  on  them,  and  repeated  a  third  time,  or  until  all 
the  acid  is  extracted  ;  the  linen  is  then  to  be  (trained,  and 
the  water,  to  be  collected  and  filtered. 

By  this  means,  from  one  pound  of  ants,  about  one 
pint  of  formic  acid  was  obtained,  as  ftrong  as  vinegar, 
and  the  fpecific  gravity  of  which  was  greater.  Thefe  che- 
mifts  are  of  opinion,  that  this  acid  might  fupply  the  place 
of  vinegar  for  economical  purpofes.  If  it  is  to  be  kept,  it 
muft  be  deprived  of  it's  oil,  which  the  filter  cannot  com- 
pleatly  feparate,  a  part  of  which  is  fat  oil,  and  the  other 
part  eflential  oil,  which  renders  it  turbid  and  difpofes  it 
to  putrefaction  ;  hence  they  advife  it  to  be  boiled  feveral 
times,  and  with  precaution,  and  thus  purified  they  efteem 
it  preferable  to  vinegar. 

For  chemical  experiments,  however,  it  is  neceffary  to 
rectify  this  acid,  which  is  done  by  repeated  diftillations 
by  a  gentle  heat,  in  veflTels  fomewhat  elevated,  until  no 
more  oil  remains,  n  e.  until  it  becomes  colourlefs,  it  be- 
ing impoffible  entirely  to  deprive  it  of  both  thefe  oils: 
for  it  appears,  that  even  after  four  rectifications,  the  fat 
oil  was  ftill  evident  by  an  empyreumatic  odour,  and  the 
eflTential  oil  bv  the  zones  that  were  formed.  This  empy- 
reumatic odour  flies  ofTon  expofure  to  the  air  ;  or  itill 
better  by  concentration  from  freezing;  but  as  to  the 
effential  oil,  it  appears  to  be  a  condiment  part  of  the  acid, 
and  is  inseparable,     The  fpecific  gravity  of  the  acid  thus 
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2.  By  Hxi-  rectified  they  found  to  be  as  1,001 1.  The  other  procefs 
to  obtain  the  acid  is  that  of  Thouvenel,  by  lixivia* 
tion,  which  he  looks  upon  as  the  moll  eafy.  It  confifts 
in  placing  linen  cloths  impregnated  with  fixed  alkali 
ifpon  the  ant  beds,  and  the  fait  afterwards  is  to  be  ex- 
tracted by  lixiviation  ;  but  this  procefs,  it  is  obferved, 
can  only  be  of  advantage  when  the  acid  is  wanted  to  form 
a  neutral  fait  with  an  alkaline  bafis. 

.  Hermbftadt  does  not  approve  of  the  method  either  of 
Margraaf  or  Arvidfon  of  obtaining  the  formic  acid^j  for 
in  the  one  cafe  the  acid  is  in  part  deftroyed  by  the  fire,  in 
part  rendered  impure  by  the  decompofed  oil;  but  in  the 
other  cafe  it  is  too  much  weakened  by  dilution  with  wa- 
ter. He  procured  it  much  purer  by  expreffing  it  from 
two  pounds  of  dry  living  ants,  from  which  he  obtained 
twenty-one  ounces  and  a  quarter  of  a  brown  mucous  acid 
juice.  It  had  an  acid  aroma  by  no  means  unpleafant, 
and  penetrating  like  the  vapour  of  the  acid  of  fluor.  In 
tafte,  it  refembled  more  the  acid  of  tartar  than  vinegar. 

From  this  he  obtained  by  diftillation,  fix  ounces  and 
half  of  pure  formic  acid. 

From  the  experiments  and  obfervations  of  Arvidfon 
and  Oehrn,  it  appears,  that  the  formic  acid  has  the  fol- 
lowing properties. 

Properties        The  fyecl^c  gravityj  when  well  rectified,  is  to  water 

of  the  for-      as    1 3 04 5 3  to  1 , 0000. 

It  affects  the  eyes  and  the  nofe  in  a  peculiar  manner; 
it's  fmell  is  penetrating,  but  not  unpleajant;  it's  favour 
fharp  and  burning,  and  when  diluted  with  water  is  agree- 
ably acid. 

It  retains  water  fo  greedily  as  not  to  be  entirely  fepa- 
rated  from  it  by  diftillation. 

It  reddens  the  blue  colours  of  vegetables ;  it  even 
changes  the  blr.e  paper  which  enclofes  fugarloaves,  and 
converts  it  infenfibly  to  a  yellow  red.     One  part  of  this 
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concentrated  acid  mixed  with  75  of  diftiTIed  water,  dill 
reddens,  although  weakly,  the  fyrup  of  violets ;  diluted 
with  430  parts  of  water,  it  produces  reddiuVfpots  on 
paper  coloured  by  the  infufion  of  litmus;  and  with 
1300  parts  it  produces  effects  only  on  the  infufion  of 
litmus.     It  readily  unites  with  other  acids. 

Mixed  with  the  vitriolic  acid,  it  blackens  it,  and  on 
becoming  warm  there  arifes  white  penetrating  vapours  ; 
on  boiling,  an  elaftic  gas  is  extricated,  which  unites  dif- 
ficultly with  diddled  water  and  lime  water.  On  diftil- 
ling  this  mixture,  the  formic  acid  is  again  obtained  in 
fmall  quantity. 

Boiled  with  the  nitrous  acid,  there  arifes  phlogiftic  va- 
pours, and  a  fpecies  of  gas  verv  little  mifcible  with  water, 
and  which  renders  lime  water  turbid. 

In  this  operation  the  formic  acid  is  deflroved,  and  is 
not  again  obtained  by  diftillation,  efpecially  if  a  large 
quantity  of  very  concentrated  nitrous  acid  has  been  ufed. 
Heated  by  itfelf,  it  affords  elaflic  vapours,  which  con- 
ducted through  a  cold  earthen  tube,  afforded  fixed  and 
phlogifticated  airs ;  through  a  red  hot  tube,  inflammable 
airlikewife.  (Achard,  in  Crell's  Annalen,  b.  1.  f.  527  f. 
Fontana  looked  upon  it  as  fixed  air,  v  Roller's  Journal  de 
Phyfique,  1778)  but  it's  being  decompofable  by  the  fire 
into  fixed  and  inflammable  airs  (Bergman,  Opusc.  iii, 
p.  378)  proves  this  not  to  be  the  cafe. 

The  muriatic  acid  does  not  change  tile  formic,  from 
which  it  is  feparated  without  lofs  by  diftillation.  This, 
however,  is  not  the  cafe  with  the  dephlooifticated  mu- 
riatic acid;  for  it  decompofes  the  formic  acid  in  clofe  vef- 
fels,  and  takes  away  it's  phlogifton  (according  to  the 
new  theory,  the.  formic  acid  feizes  on  the  oxygen  of  the 
dephlogifticated  muriatic  acid)  and  decompofes  it. 

The  formic  acid  appears  not  to  be  fufceptible  of  form- 
ing an  immediate  connection  with  phlogifton. 
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By  the  aid  of  heal  it  attacks  the  foot  of  the  chimney, 
becomes  of  a  yellowifh  colour,  and  on  cooling,  lets  fall 
a  brown •fediment ;  if  this  fediment  be  diftilled,  there 
comes  over  a  liquor  of  a  yellowifh  colour,  of  a  difagreea- 
ble  odour,  accompanied  by  claftic  vapours.  Nothing  of 
the  kind  is  obferved  when  this  acid  is  boiled  with  pow- 
dered charcoal. 

It  unites  difficultly  with  fat' and  eflfenual  oils  ;  for  the 
acid  extracted  from  thefe  unions  after  digeftion,  or  by 
diflillation,  has  not  undergone  any  change  of  colour, 
although  impregnated  with  the  odour  of  thefe  oils,  and 
after  evaporation  it  leaves  marks  of  a  refiduum  ;  it,  how- 
ever, completely  difiblves  the  empyreumatic  oil  of  the 
ants. 

It  does  not  unite  with  vitriolic  aether. 
It  unites  perfectly  with  rectified  fpirit  of  wine,  and 
diftilled,  it  afforded  a  formic  aether,  which  burned  with  a 
white  flame,  without  fmoke  or  refiduum.  Buckholz  ob- 
tained a  much  finer  aether  bv  procuring  the  acid  from  a 
formiat  of  potafh.  He  firft  procured  the  formic  acid  by 
infufion,  rectified  and  faturated  it  with  purified  potafh, 
then  extracted  it  to  drynefs,  levigated  it  in  a  warm  mor- 
tar, added  half  it's  quantity  of  fmoking  vitriolic  acid,  and 
.  obtained  by  diflillation  a  ftrong  pellucid  formic  acid  j  to 
this  acid  he  added  an  equal  quantity  of  pure  alcohol,  and 
by  fubmitting  the  mixture  to  a  gentle  heat,  he  obtained 
a  fpirit  of  the. odour  of  bitter  almonds,  which,  being 
united  with  about  one  fourth  part  of  diftilled  water  in 
the  receiver,  afTorded  a  real  furmic  aether.  [Vide  CreU's 
N.  Entd.  vi.  f.  55  ft.) 

According  to  the  experiments  of  Arvidfon  and  Ochrn* 
the  lee  of  potafh  exactly  faturated  with  formic  acid  had 
a  very  faline  and  bitter  favour,  but  was  incapable  of  being 
cryftaliized  or  perfectly  exiiccated.  After  expofure  to  a 
ftrong   heat,  it   became  a  dark  green    alkaline    lump* 
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which  united  readily  with  water,  and  after  a  gradual  eva- 
poration before  the  fun,  fome  little  of  the  acid  dropped 
from  it;  there  appeared  fome  cryftallized  fcales,  offcarcely 
any  favour;  by  which  it  refembled  terra  foliata  tartaric 
acetated  mineral  alkali,  as  well  as  by  it's  deliquefcing  in 
the  air,  and  it's  folubility  in  alcohol  ;  by  dift illation  it 
afforded  no  acid.  This  formiat  of  potafh  is  decompofed 
by  barytes,  which  lays  hold  of  it's  acid ;  and  by  all  acids 
which  feize  upon  it's  alkali,  except  the  fedative  fait, 
vinegar,  the  phlogifticated  vitriolic  and  nitrous  acids,  and 
fixed  air. 

With  foda  it  formed  foliated  humid  cryitals,  of  a  bitter 
faline  favour,  foluble  in  twice  their  quantity  of  water. 

With  cauftic  volatile  alkali,  it  afforded  thin  cryftals, 
which  appeared  to  be  fu per fatu rated  with  the  acid  from 
their  reddening  blue  paper;  they  deliquefced  in  the  open 
air.  On  diflillation  they  afforded  no  acid  or  fublimate, 
but  an  alkaline  fluid,  and  there  remained  a  dark  brown 
mafs. 

United  with  lime  it  forms  a  pellucid  cubic  fait,  rather 
diftorted,  not  deliquefcent,  as  had  been  previously  ob^ 
ferved  by  Margraaf ;  efflorefcent,  foluble  in  eight  parts  of 
water,  infoluble  in  alcohol,  and  of  a  bitter  favour.  It 
gives  blue  paper  a  darker  colour,  affords  no  acid  by  dif- 
tillation,  decrepitates  on  red  hot  coals,  and  becomes  dar- 
ker; it  is  decompofed  by  barytes. 

Equal  parts  of  uncalcined  magnefia  formed  with  this 
acid  a  ley,  from  which  fome  parts  which  were  difficultly 
foluble  fell  down,  afterward  there  appeared  a  tranfparent 
fait  compofed  of  fpherical,  aggregated,  hairvform  cryf- 
tals,  of  little  or  no  favour,  foluble  in  13  parts  of  water, 
but  not  in  alcohol ;  lime  decompofed  it.  According  to 
Bergmann  (op.  1.  p.  389-)  it  decrepitates  in  the  fire,  It 
is  called  by  Bergmann  magnefia  formkata. 

With  barytes  it  formed  clutters  of  cryftals,  needle  (hap-. 
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ed,  which  were  bitter;  not  dcliqucfcent;  foluble  in  four 
parts  of  water;  infoluble  in  alcohol;  became  of  a  dark 
brown  colour  on  burning,  producing  a  fmell  of  burnt  fu- 
gar ;  and  on  expofure  to  a  red  heat,  a  coal  which  effer- 
vefced  drongly  with  acids. 

With  the  pureft  clay,  or  the  dried  earth  of  alum,  it 
united  with  great  difficulty,  and  fcarcely  to  faturation. 
The  folution  is  fomewhat  fharp  and  aftringent. 

The  formic  acid  has  no  action  upon  filiceous  earth. 

It  does  not  affect  either  platina,  or  gold,  or  quickfilver. 

It  converts  copper  into  a  light  green  calx.  It  formed 
with  it's  calx  a  beautiful  blue  folution,  from  which  blue 
cubic  cryftals  arofe,  of  the  naufeous  favour  of  verdegrife  ; 
becoming  white  by  efflorefcence  in  the  air;  foluble  in  fe- 
ven  parts  of  water  ;  burning  with  a  green  flame  ;  not  de- 
composed on  diftillation  ;  decompofable  by  all  the  acids, 
except  vinegar  and  fedativefalt,  as  well  as  by  lime,  man- 
ganefe,  iron,  lead,  regulus  of  cobalt,  and  tin. 

It  difTolves  iron  with  a  ftrong  effervefcence,  producing 
inflammable  gas.  The  folution  depofits  ochre,  and  af- 
fords fometimes  reddifh  yellow  threadlike  cryftals,  of  an 
aftringent  favour,  eafily  foluble  in  water,  diflblving  diffi- 
cultly in  alcohol  ;  which  abandon  the  acid,  with  depo- 
siting black  particles  in  water,  and  are  deeompofed  by  all 
acids,  as  well  as  by  zinc  and  manganefe. 

It  diffolves  zinc  likewife  with  a  ftrong  effervefcence, 
producing  inflammable  gas*  The  clear,  moderately  af- 
tringent folution  affords  clear  cryftals,  growing  together, 
fometimes  cubiform,  infoluble  in  alcohol,  difficultly  fo- 
luble in  water,  which  fwell  and  become  milk  white  on 
burning,  melt  with  a  penetrating  fmoke,  afford  afhes,  and 
are  deeompofed  neither  by  vinegar  nor  by  metals. 

It  calcined,  but  fcarcely  diffolved,  bifmuth.  From  t*he 
fparing  folution  arofe  cryftals  that  were  foluble  in  water, 
became  black  on  expofure  to  fire,  and  were  decompof- 
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cd  by  all  acids,  except  vinegar,  and  by  all  metals,  except 
fdver,  in  the  moift  way. 

By  the  afliftance  of  heat  it  has  fome  little  foluble  power 
on  lead,  and  produces  glafslike  cryflals. 

It  can  only  be  united  to  tin  and  it's  calces  by  digeftion 
and  a  boiling  heat.  Part  of  it  is  in  the  form  of  a  white 
calcined  poxvder,  and  part  a  jelly  difficult  to  be  exficcated. 
The  powder  is  infoluble  both  in  water  and  in  alcohol, 
and  burns  firft  to  a  black,  then  to  a  white  colour,  after- 
ward it  flies  off.  The  gelatinous  flakes  are  precipitated 
by  alcohol  in  the  ilate  of  a  pulverized  calx.  Vinegar 
produces  no  precipitation,  but  all  acids  which  diflblve 
tin  decompofe  it ;  lead  produces  the  fame  effecT. 

It  has  no  effecl  on  antimony,  arfenic,  cobalt,  and 
nickel,  in  their  metallic  ftate ;  it  however  acts  upon  their 
calces.  By  digeftion  with  the  calx  of  cobalt,  precipitated 
by  an  alkali,  it  produced  a  pale  purple  folution,  from 
which  arofe  red  coloured,  irregular  eryftals ;  that  were 
infoluble  in  alcohol,  difficultly  fo  in  water,  but  were  caiily 
taken  up  bv  acids,  and  formed  a  fympathetic  ink  ;  they 
were  deeompofed  by  tin. 

Digeded  and  boiled  with  the  calx  of  nickel,  precipi- 
tated by  an  alkali,  it  formed  a  clear  green  folution,  from 
which  arofe  green  threadlike  cryitals,  aggregated  in  femi- 
slobular  forms,  of  difficult  folution,  which  on  diftillation 
became  yellow.  Thev  were  neither  deeompofed  by  bif- 
muth  nor  vinegar. 

With  the  calx  of  manganefe  precipitated  by  alkali  from 
it's  nitrous  folution,  it  eafily  formed  a  folution  with  effer- 
vefcenee ;  the  cryflals  ariiing  from  ii  were  coloured  and 
foluble  in  15  parts  of  water,  but  infoluble  in  alcohol, 
they  had  very  little  favour  and  no  action  on  the  colour  of 
the  tincture  of  litmus.  Alkalies,  earths,  and  zinc  de- 
eompofed them,  and  feized  the  aeid ;  whilft  all  the  acids, 
except  vinegar,  laid  hold  of  the  metallic  parL 

2  i 
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With  the  calx  of  krfenic  it  produces  granular  cryftal- 
lizations,  which  are  difficultly  foluble,  according  to 
Bergmann  (Opufc.  II.  p.  2:  6.) 

It  diflblves  minium  without  the  affiftance  of  heat ;  the 
cryftals  arifing  from  the  folution  are  prifmatic,  larger 
than  thofe  from  a  folution  of  the  metal  in  this  acid,  fweet 
and  aftringent  to  the  tafte,  and  foluble  in  36  parts  of  dif- 
tilled  water;  with  other  water  they  produce  a  milky  ap- 
pearance. They  decrepitate  in  the  fire,  melt,  become 
black,  and  of  a  difagreeable  fmell,  but  afford  no  acid  by 
diftillation,  although  this  fait  is  fuperfaturated  with  acid, 
and  reddens  blue  paper.  It  is  decompofed  by  lime, 
manganefe,  and  iron  ;  and  by  all  the  acids,  except  vine- 
gar, fedative  fait,  and  fixed  air. 

It  has  no  effecl:  on  calcined  mercury,  but  with  red  pre- 
cipitate produces  fome  fmall  needle-iliaped  cryftals. 

The  calx  of  filver  precipitated  by  an  alkali  is  fparingly 
foluble  in  this  acid,  forming  with  it  pellucid,  cubic  cryf- 
tals, difficult  to  exflccate,  eafily  foluble  in  water,  but  in- 
foluble  in  alcohol,  fwelling  and  becoming  black  in  the 
tire,  with  a  difagreeable  fmell,  eafily  decompofed  by  the 
acids,  particularly  by  the  muriatic,  fcarcely  fo  by  the  vi- 
triolic, and  infoluble  in  vinegar.  This  folution  is  ren- 
dered turbid  by  all  the  metals,  but  copper  precipitates  the 
filver  the  beft. 

It'safnm-       Arvidfon  and  Oehrn  have  determined  it's  affinities  to 

cording'to    be  in  the  following  order  : 

ihel'e  two 
ehemifts. 


Barytes 

Lead 

Potam 
Soda 

Tin 

Cobalt 

Lime 

Magnefia 

Copper 

Nickel 

Ammonia 

Bifmuth 

Zinc 

Silver 

Manganefe 
Iron 

Alum 

The  eflential  oils  and  water 

ACIDS. 

This  acid,  although  it  may  appear  weak,  has,  accord- 
ing to  thefe  two  chemifts,  the  advantage  of  the  acetous, 
boracic,  vitriolic,  fuming  nitrous,  and  carbonic  acids  ;  on 
fomc  occafions,  it  is  even  fuperior  to  the  arfenical  acid, 
from  which  it  takes  nickel  and  cobalt. 

It  could  not  have  been  fuppofed  that  a  degree  of  heat 
incapable  of  defrroymg  this  acid  is  able  to  change  this 
order  of  affinities  ;  yet  the  boracic  acid  at  the  boiling  heat 
difengages  it,  which  from  this  circumftance  becomes  the 
differential  term  of  the  wet  and  dry  way, 

Bergman   had  placed  the  affinities  of  the  formic  acid  Accord 
in  the  following  order  : 

Moid  way.        Calx  of  lead                     Dry  way. 
tin  —  -. 
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Barytes 

Potaffi 

Soda 

Ammonia 

Lime 

Magnefia 

Argile 

Calx  of  zinc 

— i iron 


copper 

bifmuth 

antimony 


arfenic 


—  manganefe 

—  cobalt 

—  nickel 


mercury 

filver 

gold 

platina 

water 

alcohol 

—  phlogifton 


Barytes 

Potam 

Soda 

Lime 

Magnefia 

Metallic  calces 

Ammonia 

Argile. 


It  appears  t  'lercfore  that  Bergman  had  placed  in  his 
table  of  ch<  .  "al  affinities  arfenic  after  nickel,  antimony 
after  bi  id  nlatina  after  filver;  but  Arvidfon  and 

Ofchm  'rlenic  was  not -attacked  by  the  formic 

aeii  vas  only  dhfolved  as  in  water;   that 

tlv  t  any  union  cither  with  antimony 

iall  portion  of  the  precipitate 
>lved  afrfirft,  was  very  fo on 
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depofited,  particularly  by  the  aid  of  heat,  in  the  form  of 
a  ferruginous  powder. 

The  formic  ?n;J?aken  for  other  acids. 
The  formic  Margraaf,  and  feveral  other  chemifts  who  have  exa- 
othei  adds,  mined  the  formic  acid,  looked  upon  it  to  have  a  great 
analogy  to  vinegar,  i(  but,"  exclaims  Morveau,  "  what 
do  they  mean  by  this  ?  that  it  has  nearly  the  fame  degree 
of  acidity;  that  it  is  fufceptible  of  the  fame  degree  of 
concentration;  that  it  is  decompofed  in  the  fame  manner 
by  fire ;  that  it  can  be  fubftituted  for  it  in  economical  or 
medicinal  purpofes,  when  only  an  acid  of  the  fame  in- 
tensity is  required  ?  In  thefe  fenfes  all  fubftances  are  ana- 
logous to  each  other,  for  there  is  no  one  in  nature,  that 
is  jlivtinguimed  from  all  the  others  by  all  it's  proper- 
ties."' 

It  differs  from  vinegar,  1(1.  by  it's  fpecific  gravity,  for 
although  it  approaches  vinegar  very  near  in  this  refpecl:, 
yet  it  is  faturated  by  a  fmallcr  quantity  of  an  alkali  or  an 
earth.  2d.  By  it's  efTecls  with  alkalis;  fince  it  forms 
with  ammonia  a  dcliquefcent  cryftalline  fait ;  with  lime, 
one  that  forms  irregular  cubes,  and  with  magnefia,  a  fait 
that  is  difficult  of  Solution,  3d.  By  it's  metallic  falts; 
for  example,  it  forms  with  copper,  not  a  dark  green,  but 
a  blue  cubic  fait ;  with  nickel,  not  a  cubic  but  a  cluftered 
fait;  and  with  zinc,  one  that  is  cubic  and  not  fcaly :  it 
neither  difTblves  the  calx  of  mercury  nor  of  antimony, 
but  vitrifies  the  former :  finally,  it  diflblves  the  calx  of 
iron,  and  likewife  forms  cryftals  with  iron  itfelf;  which 
vinegar,  according  toArvidfon,  does  not.  4th.  Bv  it's 
affinities,  for  it  always  detaches  vinegar  from  it's  union, 
and  even  takes  nickel  and  cobalt  from  the  acid  of  arfe- 
nic. 

According  to  Thouvenel,  the  formic  acid  is  very  ana- 
logous to  the  phofphoric,  or,  as  he  calls  it,  the  microcof- 
micacid;  but  he  has  not  given  any  account  in  which 
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properties  this  analogy  confifts.  On  comparing  thefe  two 
acids  together,  there  is  not  perhaps  two  others  which  have 
{o  diftant  a  refemblance.  The  firft  fuftains  a  vitrifying 
heat,  whilft  the  other  is  deftroyed  by  the  heat  of  diftilla- 
tion;  the  one  forms  with  lime  an  infoluble  fait;  the  other 
a  fait  that  cryflallizes  and  is  foluble,  8cc. 

Lifter  affirmed  that  he  had  extracted  afimilar  acid  from 
wafps  and  bees  ;  but  Arvidfon  and  Oehrn  were  not  able 
to  obtain  it  from  thefe  infects,  and  at  prefent  the  ant  is 
the  only  animal  in  which  it  has  been  found. 

The  formic  acid  is  therefore  an  acid  fui  generis,  differ- 
ing in  it's  balls,  but  poffefling  the  fame  acidifying  princi- 
ple as  the  others,  viz.  vital  air.  "  There  needs  no  other 
proof  of  this,"  fays  Morveau,  "  than  the  effervefcence 
produced  by  the  refiduum  of  the  diftillation  of  formiat  of 
potafh.  Margraaf,  who  obferved  this  phenomenon  the 
£rft,  before  the  theory  of  gafes  was  known,  was  afto- 
niftied,  with  reafon,  at  the  disappearance  of  the  acid  of 
this  fait;  which  had  only  left  a  fait  with  alkaline  proper- 
Hies,  and  which  effervefced  with  it's  own  acid.  What 
paffes  in  this  operation  is  now  known ;  if  the  acid  be  only 
weakly  attached  to  it's  bafis,  it  is  difengaged;  if  the 
union  be  more  intimate,  a  ftronger  degree  of  heat  is  ne- 
cefiary,  which  deftroys  by  it's  violence  the  compofition 
even  of  the  acid ;  and  the  acidifying  principle,  the  air  being 
detached  from  it's  bonds,  is  converted  into  carbonic  acid 
gas,  which  uniting  with  the  alkali,  renders  it  effer- 
vefcent."  V 

According  to  Morveau,  this  acid  contains  phlogifton, 
which  is  lefs  adherent  to  it  than  to  vinegar,  fince  this  lad 
readily  diflblves  the  calx  of  mercury,  whilft  according  to 
Arvidfon  and  Oehrn  the  formic  acid  reduces  it;  i.  e,  is 
obliged  to  yield  it's  phlogifton  to  the  more  powerful 
affinity  of  the  mercurial  earth  5  it  alfo  yields  it  to  the  de- 
phlogifticated  muriatic  acid. 

vol.  11.  f 
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Thefe  phenomena  are  better  explained  by  the  new  ehc- 
miftfy. 
Pourcroy's        The  definition  which   Fourcroy  has  given  of  tKe  acid 

definition  of . 

t.  is  the  following: 

"  The  formic  acid  is  extracted  from  ants  either  by  dif- 
tillation  or  expreffion  with  water  ;  reddens  blue  flowers 
in  the  living  infects  ;  difengages  itfelf  from  them  in  the 
form  of  a  very  ftrong  odorous  vapour,  analogous  in  it's 
odour  to  that  of  mufk  ;  deftroys  animals  under  this 
gafeous  form  ;  is  capable  of  ferving  economical  purpofes 
like  vinegar  3  is  decompofed  by  a  great  heat ;  takes  oxygen 
from  oxygenated  muriatic  acid;  is  oftentimes  ftronger 
than' "fulphuric  acid  ;  'and  forms  falts  with  alkalies  and 
,    earths.,  which  are  cryftallizable  and  not  deliquefcent.'" 

Encyelopcd.  Methodique.  Chemie.  torn.  1.  p.  1.  artic. 
Acide  Formicin,  ou  des  Fourmis,  p.  60,  — Macquer's 
Chym.  Wcerterbuch,  von  Leonhardi,  torn.  1.  p.  179- 
art.  Ameifenfaure.  — Margraaf's  Chvmifche  Schriften, 
Berlin.  1768. — Rcuelle,.  in  the  Journal  de  Phyfique, 
Mars.  1773.  — Abhandlung  von  der  Ameifenfaure,  von 
Hern  Arvidfon  and  Oehrn  in  Baldinger's  Neues  Maga- 
zin  fur  Aerzte.  2  b.— Philofophie  Chimique  par  Four- 
croy.— Bergman's  Opufcul.  iii.  tab.  2.  No.  20. 


^  LACTIC   ACID. 

L^&ic  acid.  Although  the  acidity  of  milk  or  whey,  from  the  great 
eafe  with  which  they  undergo  the  acetous  fermentation, 
was  known  to  the  ancients,  yet  it  was  not  difcovered  to  be 

r^chede  owm&to  a  Pecuuar  acid,  until  the  experiments  of  Scheele 
firft  made  it  known.  Previous  to  Scheele's  experiments, 
however,  it  appears,  that  Lichtenftein  had  obferved  this 
acid  when  fpeaking  of  the  acid  /agar  of  milk,  which  he 
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fays,  "  is  a  fugar  of  milk  rendered  impure  by  the  acid 
of  the  whey,  of  which  acid  it  may  be. deprived  by  repeat- 
edly extracting  from  it  alcohol  or  pure  water." 

Scheele,  however,  proved  it  to  b?  an  acid,  and  is  there- 
fore entitled  to  the  difcovery,  for  it  is  to  him  we  are 
indebted  for  our  knowledge  of  it's  characters  and  pro- 
perties. 

Milk,  if  left  to  itfelf  to  become  four,  receives  the 
greateft  degree  of  acidity  it  is  capable  of  in  about  four- 
teen days,  which  is  the  time  this  acid  mould  be  obtained. 

Scheele,  in  order  to  obtain  this  acid  pure,  and  knowing  His  method 
it  impoffible  to  effect  this  by  a  fimple  didillation,   from  jt  ° 
'it's  not  being  able  to    bear  the  heat  neceffary  to  raife  it, 
and   that  in  a  lefs   degree  it   only  afforded    a   very  fmall 
portion  of  a  very  weak   vinegar,    had   recourfe  to  more 
induftrious   means  to  obtain  this  reparation. 

Being  affured  of  the  prefence  of  an  animal  earth  in 
whey,  from  the  precipitate  which  lime  water  or  cauftic 
volatile  alkali  occafions  in  it,  the  whey  evaporated  to  one 
half,  and  filtered  to  feparate  a  remaining  portion  of 
cafeous  matter,  had  afforded  him  a  precipitate  of  tartar 
on  adding  the  tartarous  acid ;  he  concluded  from  this, 
that  the  whey  contained"  alkali, v or  rather  an  eflential 
fait,  of  which  the  alkali  made  a  part ;  and  this  obferva- 
tion  was  further  verified  by  the  whey.,  reduced  to  a  coal, 
having  afforded  him  by  lixiviation  fome  alkali  mixed 
with  a  little  muriat  of  potafh  inftead  of  it'  s  fait,  which 
was  deftroyed  by  combuftion.  In  fhort,  he  knew  that 
it  contained  fugar  of  milk  and  a  little  mucilage;  it  was, 
therefore,  neceffary  to  ifolate  all  thefe  fubftances  by  pro- 
eeffes  incapable  of  altering  it,  and  the  fuccefs  will  be  feeir 
to  have  anfwered  his  wifhes. 

He  firft  reduced  the  whey  to  |  by  evaporation,  filtered 
it,  and  there  remained  no  more  cafeous  parts. 

F  2 
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He  then  faturated  the  liquor  with  lime  water,  and  the 
animal  earth  was  precipitated.  This  liquor  having  been 
filtered  and  diluted  with  three  times  as  much  water,  he 
added,  drop  by  drop,  fome  faccharine  acid  to  it  to  preci- 
pitate all  the  lime,  and  he  affured  himfelf,  by  the  addition 
of  a  little  lime  water,  that  there  remained  no  more  fac- 
eharine  acid. 

He  then  evaporated  the  liquor  to  the  confidence  of 
honey,  and  the  thicker  acid  was  rediffblved  in  well  recti- 
fied alcohol.  The  fugar  of  milk,  and  all  the  other  fub- 
tfances  foreign  to  the  acid,  which  had  not  been  diflblved 
by  the  fpirits  of  wine,  remained  on  the  filter.  At  laft, 
after  having  returned  a  little  water  to  the  acid  held  in 
folution  by  the  alcohol,  he  diftillcd  this  laft,  and  found 
I  in  the  retort  fome  very  pure  laclic  acid. 

h  bjpimen-      Parmentier  and  Deyeux  fay,  that  this  procefs  of  Scheele 
•**■  to  procure  this   acid  very  pure  does  not  merit  any  confi- 

dence, as  the  complicated  operation  he  employed  fo  to-* 
tally  changes  it's  nature,  that  it  prefents  none  of  the 
properties  that  belong  to  it  5  that  it  is  rather  a  new  acid 
that  is  formed,  than  the  reparation  of  an  acid  that  pre- 
viously exifted.  It  is  procured  by  congelation  ;  but  the 
acid  obtained  is  always  impure. 

Scheele  found  that  this  acid  afforded  no  cryftals,  even 
when  reduced  to  the  confidence  of  an  extract,  and  when 
pufhed  to  drynefs  it  deliquefces. 
it's  proper-  On  diflillation,  at  flrft,  fome  phlegm  arifes,  then  a  weak 
acid  refembling  fpirit  of  tartar,  afterward  an  empyreu- 
matic  oil,  and  a  new  portion  of  the  fame  fpirit,  fome 
mephitic  gas  and  inflammable  air.  In  the  retort  a  little 
coaly  matter  remains.  It  gives  tokens  of  the  prefence  of 
a  little  vitriolic  acid,  for  if  digefted  on  lead,  a  light  white 
fediment  is  formed  in  the  folution,  which  is  vitriol  of 
lead. 


ties 
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With  fixed  vegetable  alkali  it  forms  a  deliquefcent  fait 
(gala&icum  potaffinum  of  Bergman)  which  is  folubk-  in 
alcohol. 

With  mineral  alkali,  a  fait  (gala&icum  natratum) 
which  does  not  cryftallize,  but  is  foluble  in  alcohol. 

With  volatile  alkali,  a  deliquefcent  fait  (gala&icum 
ammoniatum)  which,  on  expofure  to  the  fire,  lofes  it's 
ammonia  before  it's  acid. 

With  barytes,  lime,  and  alumine,  it  forms  deliquefcent 
falts;  on  the  contrary,  with  magnefia,  it  gave  fom$ 
cryftals  which,  however,  deliquefced  afterward. 

It  has  no  action,  either  in  digeflion  or  at  the  boiling 
point,  on  bifmuth,  cobalt,  antimony,  tin,  mercury,  lilver 
and  gold* 

The  lacYic  acid  which  has  repofcd  on  tin  precipitated 
gold  from  aqua  regia,  of  a  black  colour;  it  gave  with  iron 
a  brown  folution ;  with  copper,  a  blue  folution,  which 
became  green,  and  afterward  changed  to  a  dark  brown  5 
with  lead,  a  harfh  fweet  folution  like  vitriol  of  lead ;  thefe 
are  not  cryftallizable ;  with  lime,  however,  it  formed  a 
cryftallizable  fait.  As  to  the  reft,  Scheele  remarks,  that 
it  difengages  vinegar  from  the  terra  foliata  tartari ;  and 
Bergman  has  given  it  a  place  between  the  formic  acid 
and  vinegar. 

When  Scheele  had  difcovered  the  malic  acid,  he  found 
the  only  difference  between  thefe  acids  to  be,  that  the 
laclat  of  lime  was  foluble  in  alcohol,  and  ma)at  of  lime 
infoluble. 

According  to  Bergman,   it's  affinities  are    to    other  it's  affini- 
bodies  in  the  following  order,   in  the  moift  way  \  Barytes,  j^'t^Beri? 
vegetable  alkali,    mineral  alkali,  ammonia,   calcareous  man' 
earth,  magnefia,  alumine,  calx  of  zinc,  iron,  manganefe, 
cobalt,  nickel,   lead,  tin,  copper,   bifmuth,   antimony, 
arfenic,  mercury,  filver,  gold,  phlogifton,  and  platina. 
Jn  the  dry  way.    Barytes,  potafh,  and  foda3  calcareous 
?3 


70  •  ACIDS. 

earth,  magnefia,  the  calces  of  metal?,  ammonia,  and 
alumine. 

From  thefe  experiments  and  obfervations,   it  appears 
Opinion  of  to  MorVcau,   that   whey   is  of  itfelf,    and   independent 

Mo.veau.  \  ,    *  .  * 

of  the  falts  it  contains,  an  acid  of  a  peculiar  nature. 
Schccle  feems  to  believe  that  it  does  not  afford  a  perfect 
vinegar ;  but  this  is  only  becaufe  it  wants  the  matter  which 
produces  the  fpir'ft  in.  fermentation  ;  Morveau  has  no 
doubt  but  that  one  part  of  it  becomes  vinegar,  and  he 
fupports  this  opinion  from  thefe  two  facts  : 

1.  If  a  bottle  filled  with  milk  be  inverted  in  the  fame 
liquor,  and  be  expofed  to  a  degree  of  heat  fomewhat 
greater  than  that  of  fummer,  it  furnifhes  mephitic  gas, 
which,  at  the  end  of  two  or  three  days,  is  found  to  have 
converted  the  milk  into  curd,  This  proves  that  milk 
may  undergo  a  complete  fermentation  without  mowing 
any  evident  traces  of  alcohol. 

2.  If  fix  fpoonfuls  of  good  alcohol  be  added  to  about 
three  pints  of  milk,  and  be  expofed  to  a  heat,  well 
corked,  giving  vent  from  time  totime  to  the  gas  of  fer- 
mentation, the  milk,  at  the  end  of  one  month,  will  be 
found  converted  into  very  good  vinegar,  which,  after 
filtration,  may  be  preferved  in  bottles.     Thefe  two   facts 

.  prove,  according  to  Morveau,  that  the  galaclic  acid,  as  he 
calls  it,  is  the  product  of  the  acetous  fermentation,  and 
that  if  the  milk  was  richer  in  fpirit,  the  producl:  of  the 
various  fermentations  would  be  more  fenfible;  but  this 
does  not  prove  the  abfolute  identity  of  the  galactic  acid 
and  vinegar ;  and  Scheele  informs  us,  that  the  lactic  acid 
does  not  cryftallize  either  with  lime  or  foda ;  that  it  cryf- 
tallizes  with  magnefia  ;  that  in  diftillation,  it  lets  go  the 
volatile  alkali,  and  that  it  takes  potafh  from  vinegar, 
which  announce  an  acid  different  from  vinegar. 

With  refpect  to  Morveau's  ideas  on  this  acid,  he  looks 
np>n  it  as  the  production  of  a  real  fermentation,  in  proof 
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of  which  he  remarks,  that  milk  is  retarded  from  becom- 
ing four  after  having  been  boiled,  or  diluted  with  a  large 
quantity  of  water.  In  thefe  two  cafes,  fo  contrary  in 
appearance,  Morveau  aiferts,  that  the  affinity  of  the  de- 
compofing  fubftance  is  equally  prevented  on  the  one  part? 
by  the  abftraction  of  a  portion  of  the  fluid  neceflary  to 
the  interline  motion  ;  on  the  other  part,  by  the  excefs  of 
the  fame  fluid,  which  occaiions  a  too  great  difperfion  of 
the  parts,  which  is  very  conformable  to  the  progrefs  of 
every  fermentation. 

No  fpecies  of  fermentation  is  fufficiently  characterized 
by  the  nature  of  the  produce,  which  is  an  acid.  It  is 
not  that  the  milk  is  not  alfo  fufceptible  of  the  Spirituous 
fermentation,  but  it  is  probable,  that  in  this  particular 
cafe,  the  paflage  from  the  nrft  to  the  fecond  fermentation 
is  fo  rapid  as  not  to  be  fenfible,  when  the  too  eafy  dis- 
union of  all  the  parts  of  the  mafs  is  not  oppofed  by  a 
mechanical  motion.  Whether  this  is  the  truth  or  not, 
it  is,  according  to  Morveau,  impoffible  not  to  acknowv 
ledge  a  fermentation  abfolutely  analogous  to  that  which 
converts  wine  into  vinegar  ;  the  agent,  the  manner  of 
a&ing,  the  effects  are  all  fimilar.  This  agent  is  the  air, 
it  acts  by  the  affinity  it  exercifes  upon  that  of  the  princi- 
ples of  the  milk,  which  ought. to  enter  into  the  compofiV 
tion  of  it's  acid  ;  this  fubftance  fixes  the  air,  which  we 
know  to  be  the  common  acidifying  principle,  and  from 
their  combination,  the  acid  whey  or  galactic  acid  arifes. 

Thus,  Morveau  -affirms,  that  the  whey  did  not  exift  in 
the  milk,  fuqh  as  it  is  found  after  the  feparation  of  the  other 
conftituent  parts. 

Scheele's  Chemical  EfTays,  1786— Encyclop.  Meth. 
torn.  i.  p.  1.  Chimic  art.  Acide  Galactique.  p.  63. — 
Macquer's  Wcerterbuch  von  Leonhardi,  neue  Zufatze 
und  Anmerkungen  zu  1  ter.  b.  p.  753.  art.  Milchfaure, 
Molkenfaure  Leipfig.   1792, 
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Sacchc-  Sacchc-lafik  acid. — On  treating:  of  the  fugar  of  milk, 

when  (hftilled  with  the  nitrous  acid ;  it  was  remarked, 
that  a  large  quantity  of  a  white  powdery  fuhftanee  was 
mixed  with  the  oxalic  acid,  which  rendered  the  folution 
turbid;  and  which  it  was  necefiary  to  feparate  from  the 
liquor  by  filtration,  before  the  cryflals  of  the  oxalic  acid 
could  be  obtained. 

Difcovered  This  fubftancc  was  difcovered  by  Schecle  to  be  a  pe- 
culiar acid,  to  which  the  name  of  faccho-la&ic  acid  has 
been  given,  or  the  acid  of  the  fugar  of  milk. 

The-chemifts  who  before  Scheele  had  undertaken  the 
analyfis  of  the  fugar  of  milk,  had  not  even  fufpe&ed  the 
exiftence  of  fuch  an  acid,  and  although  it  was  admitted 
by  the  illuftrious  Bergman  as  an  acid  fui  generis,  to 
which  he  has  given  the  name  of  acidum  galaclo-faccha- 
rinum :  Hermbftadt  and  Weftrumb  have  looked  upon  it  as 

Miftaken  a  calcareous  faccharite  with  an  excefs  of  acid,  or  an  oxa- 
lat  of  lime.  Indeed,  from  it's  external  appearance,  Scheele 
himfelf  had  at  firft  conceived  the  fame  idea,  that  it  might 
be  an  oxalat  of  lime ;  particularly  when  he  confidered, 
that  as  a  little  of  this  earth  always  exifts  in  milk,  it  might 
poffibly  be  prefent  in  the  fugar  of  milk  ;  but  experience 
foon  convinced  him  to  the  contrary;  for  on  pouring  a 
little  faccharine  acid  into  a  folution  of  the  fugar  of  milk, 
no  precipitation  took  place. 

According,  however,  to  Morveau,  this  observation 
alone  appears  not  to  merit  all  the  confidence  Scheele  gave 
it;  efpeci illy,  if,  as  he  fuppofes,  the  oxalic  acid  exifts 
already  formed  in  the  fugar  of  milk  :  for  it  is  evident  to 
this  chemift,  that  the  addition  of  a  new  portion  of  the 
fame  acid,  not  being  able  to  form  a  different  combina^ 
tion  ;  nor  to  unite  to  the  fait,  except  to  give  it  an  excefs 
of  acid,  would  only  favour  it's  folution,  inftead  of  pro- 
ducing a  precipitation.  If,  however,  the  fugar  of  milk, 
as  Morveau  is  of  opinion,  as  well  as  common  fugar,  does 


for  an   oxa 
latof  Unie. 
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not  contain  the  oxalic  acid  ready  formed,  the  obfervation 
is  more  tonclufive,  although  not  decifive;  fince  it  is  pof- 
fiblc  that  the  union  of  the  lime  with  the  other  conftituent 
parts  of  the  fugar  of  milk  is  fuch,  as  not  to  be  deftroyed 
even  by  the  oxalic  acid  itfelf. 

The  other  proofs  alleged  by  Scheele  are  the  follow- 
ing, and  appear  to  be  decifive  of  it's  being  a  peculiar 
acid. 

lft.  Having  caft  fome  of  this  earthy  fubftance  into  a  Proofs  ofj 
red  hot  crucible,  it  burned  like  oil,  and  fcarcely  left  any  peculiar** 
afhes;    whereas,   according   to  Morveau,  the  oxalat  ofacid# 
lime  left  a  refiduum  of  nearly  half  it's  weight. 

2d.  Itdiflblved  in  60  parts  of  boiling  water;  one-fourth 
of  the  portion  difTolved  cryftallizes  on  cooling,  and  the 
remaining  three-fourths  are  left  in  the  cold  water,  i,  e. 
one  part  of  this  earth  is  80  of  water  :  now  it  is  certain  that 
the  oxalat  of  lime  is  much  lefs  foluble,  and  Bergman  has 
obferved,  that  it  was  not  more  fo  by  the  intervention  of 
fugar. 

3d.  240  grains  of  this  purified  fubftance  in  cryftals 
being  redifiblved  in  14400  grains  of  boiling  diftilled  wa- 
ter the  filtered  folution  manifefted  an  acid  favour,  red- 
dened theinfufion  of  litmus,  and  efTervefced  with  chalk* 
but  none  of  thefe  properties  belong  to  the  oxalat  of 
lime. 

4th.  Scheele  diftilled  120  grains  of  it  in  a  retort,  it 
melted  very  readily,  became  black,  foamed  confiderably, 
and  in  the  neck  of  the  retort  a  brown  fait  was  fublimed, 
which  fmelled  like  a  mixture  of  benzoin  and  amber;  and 
there  remained  11  grains  of  coal.  The  receiver  contain- 
ed a  brown  liquor  without  any  oily  appearance;  it  had 
the  fame  tafte  as  the  fublimed  fait,  in  fhort,  it  contained 
fome  of  it,  which  feparated  by  a  gentle  evaporation.  The 
fublimate  weighed  35  grains,  it  had  an  acid  favour,  dif- 
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iblved  readily  in  alcohol,  but  with  more  difficulty  in  wa- 
ter, and  in  the  fire  burned  with  a  flame. 

5th.  Concentrated  vitriolic  acid  diflilled  on  this  fait 
became  black,  foamed,  and  entirely  deftroyed  it. 

6th.  This  purified  fait  thrown  in  fmall  quantities  into 
a  hot  folution  of  potafh,  until  there  was  no  longer  any 
eflfervefcence,  foon  produced  a  quantity  of  fmall  cryftals. 
Thefe  were  perfectly  neutral ;  they  only  required  for  folu- ' 
tion  eight  times  their  weight  of  boiling  water,  and  when 
the  water  was  .cool,  the  greater  part  of  them  feparated 
from  it  again.  This  fubftance  did  the  fame  with  foda, 
but  only  five  parts  of  boiling  water  were  fufficient  to  dif- 
folve  a  portion  of  it. 

7th.  When  faturated  with  ammonia,  it  afforded  an 
ammoniacal  fait,  which  after  a  gentle  calcination  was 
found  acid  on  diftillation;  ammonia#  came  over,  which 
precipitated  lime  water. 

8th.  With  earths,  it  formed  infoluble  falts.  It's 
aqueous  folution  decompofed  the  muriat  of  barytes,  cal- 
careous nitre,  &c.  but  not  vitriolated  lime.  Thcfe  folu- 
tions  were  in  turn  decompofed  by  the  fait  refulting  from 
the  union  6f  this  fubftance  with  alkali. 

9th.  Finally,  it  a&ed  the  fame  with  metallic  calces  as 
with  earths  ;  it  alfo  decompofed  fevcral  metallic  folution?, 
but  not  thofe  of  copper,  iron,  zinc,  and  magnefia  in  the 
vitriolic  acid,  nor  thofe  of  tin  and  mercury  in  the  mu- 
riatic acid. 

Such  are  the  properties  by  which  Schecle  fupported  his 
opinion  of  it's  being  a  new  acid,  different  from  all  the  other 
known  acids,  particularly  the  oxalic  ;  which  opinion 
is  now  well-eftablifhed  :  for,  according  to  Morveau,  it 
has  neither  the  tafle,  form,  folubility,  nor  power  of  the 
oxalic  acid  :  nor  is  it  the  oxalat  of  lime,  for  this  is  a  neu- 
tral fait  without  tafte,  and  abfolutely  infoluble;  nor  is  it 
a  calcareous  oxalat  with  an  excefs  of  acid,  for  in  confe- 
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quence  of  this  excefs,'  it  ought  to  a£t  like  this  acid,  when 
Free,  /'.  e.  decompofe  vitriolated  lime,  vitriols  of  copper, 
iron,  zinc,  manganefe,  and  the  muriat  of  quickiilver ;  it 
ought  more  particularly  to  quit  it'?  earthy  bafis/  when 
decompofed  and  re  olved  into  it's  aeriform  elements,  whe- 
ther by  fire,  or  ftill  better  by  the  vitriolic  acid ;  with  the 
alkalies  it  ought  to  produce  two  diftintSl  falts,  diffe- 
rent by  their  foluhilitv,  becaufe  it  is  well  known  that  the 
alkalies  cannot  deprive  this  acid  of  lime,  and  we  have 
foen  that  nothing  of  this  fort  taok  place. 

Having  given  an  account  of  Scheie's  experiments;  it 
will  be  now  neceffarv  to  take  a  view  of  thofe  of  Hermbftadt  Hermbfladt. 
in  oppofition  to  the  former- 
It  has  been  faid,  when  treating;  of  the  fugar  of  milk,  Experiment 

~  .  and  conclu- 

that  Hermbfladt  as  well  as  Scheele,  had  obtained  an  fion  in  op- 
earthy  fubftance  from  the  fugar  of  milk,  independent  of  scheele.  ° 
the  oxalic  acid,  which  he  obtained  in  cryftals;  on  treat- 
ing that  fait  with  nitrous  acid,  1290  grains  of  fugar  of 
milk  afforded  this  chemift  720  grains  of  this  fubftance 
when  edulcorated  and  dried,  which  exceeds  what  Scheele 
obtained  by  one  third,  which  Morveau  thinks  can  only 
be  attributed  to  a  more  perfect  decompofition  of  the 
fait.  In  his  firft  memoir  Hermbftadt  has  defcribed  this 
fubftance  as  compofed  of  tender  flocks,  refembling  very 
fmall  cryftals  of  felenite,  of  an  acidulous  favour,  of  which 
they  were  not  to  be  deprived  by  ebullition,  and  in- 
foluble  in  water;  he  added,  in  his  fecond  memoir,  that 
this  fubftance  was  a  white  light  earth,  rough  to  the  touch, 
fomewhat  fandy,  like  tartar  of  lime  (tartare  calcaire) ; 
that  it's  favour  was  fomewhat  acidulous,  but  weaker  than 
that  of  cream  of  tartar;  that  it  likewife  had  an  earthy- 
favour  refembling  that  of  gypfum  ;  that  it  did  not  appear 
foluble  in  faliva ;  in  fliort,  that  it  had  all  the  appearance 
of  calcareous  tartat,  or  oxalat  of  lime. 
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It's  infolubility  in  water  was  an  important  article, 
which  liermbftadt  difeutfed  again.     He  found, 

lit.  This  add  earth,  as  he  calls  it,  on  being  digefted 
with  diftillcd  water,  verv  little  was  diifolved  ;  yet  the  aci- 
dulous and  earthy  tafte  of  the  water,  and  the  fmall  refi- 
duum,  (howed  that  fome  had  been  difiblved ;  evaporated 
and  left  to  repofe,  it  left  a  brownifh  faline  particle,  of  an 
acid  favour  like  tartar,  and  which  formed  a  precipitate 
with  lime  water. 

2d.  140  grains  of  acid  earth  burned  in  a  red  hot  cru- 
cible, until  there  were  no  longer  any  vapours,  left  80 
grains  of  a  coaly  refiduum.  This  diflblved  in  nitrous 
acid,  and  filtered,  and  alkali  added,  20  grains  of  white 
calcareous  earth  were  precipitated,  and  there  remained  on 
the  filter  a  black  powder,  which  he  took  for  burnt 
acid. 

A  little  acid  earth  being  expofcd  to  the  flame  of  a 
candle,  it  immediately  fwelled,  gave  fuffocating  vapours, 
and  ran  into  a  brown  matter  which  tafted  like  com- 
mon tartar  j  when  thrown  upon  the  coals  in  it's  fluid 
ftate,  it  burned  with  a  white  flame,  decrepitated,  and  left 
behind  a  flightiy  infipid  coal. 

3d.  In  order  to  follow  the  method  of  Scheele,  he  dif- 
tilled  fome  of  this  acid  earth  in  a  retort ;  it  melted,  filled 
the  receiver  with  fubtile  vapours  $  and  having  raifed  the 
heat  afterwards,  and  then  left  it  to  cool,  he  found  a 
brownifh  fait  in  the  neck  of  the  retort,  of  an  acid  and 
empyreumatic  favour ;  little  foluble  in  water,  more  fo  in 
alcohol ;  which  he  attributed  to  an  oily  matter.  In  the 
receiver  was  a  little  brownifh  liquor,  which  had  all  the 
properties  of  an  aqueous  folution  of  the  preceding  fait. 
The  refiduum  was  a  light  coal  like  that  left  by  fugar  of 
milk  ;  there  were  no  traces  of  an  alkali,  but  nitrous  acid 
boiled  upon  it  gave  a  precipitate  of  calcareous  earth  on  the 
addition  of  an  alkali. 
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4th.  Hermbiladt  had  alfo  fuppofed  this  acid  earth  to 
contain  a  fuperabundant  acid,  and  to  deprive  it  of  k  he 
had  triturated  240  grains  of  it  with  a  folution  of  potafh, 
until  it  no  longer  effervcfced,  and  the  mixture  had  an 
alkaline  favour.  The  diluted  liquor  being  boiled  a  few 
moments  gave  on  cooling  an  earthy  depofit\  which  edul- 
corated in  hot  water,  and  dried,  weighed  330  grains,  f.  *. 
90  grains  more  than  at  firft.  This  increafe  of  weight  an- 
nounced it's  having  united  with  alkali,  which  he  con- 
firmed by  another  experiment ;  for  the  fame  earthy  depo- 
Jit)  put  into  a  red  hot  crucible,  foon  became  black,  gave 
vapours  of  the  odour  of  burned  fugar  of  milk,  and  there 
remained  a  brittle  faline  mafs,  the  folution  of  which 
afforded  an  alkaline  liquor,  and  a  little  earthy  precipitate 
like  calcareous  earth. 

5th.  He  likewife  poured  fome  volatile  alkali  to  excefs 
upon  this  acid  earth  ;  it  effervefced,  but  diflfolved  very 
little;  diluted  with  diftilled  water,  and  expofed  one  hour 
to  a  fand  heat,  on  cooling,  a  faline  pellicle  formed.  The 
liquor  having  ftill  the  odour  of  the  free  alkali,  he  evapo- 
rated it  to  drynefs,  and  found  fmall  confufed  cryftals  of 
a  neutral  fait.  He  remarks  as  a  fact  difficult  to  explain, 
that  the  faline  or  earthy  matter  had  not  increafed  in 
weight;  it  had  not  the  acid  favour,  obferved  by  Scheelc, 
which  he  attributes  to  the  difference  of  the  procefs. 

Cauflic  volatile  alkali,  treated  in  the  fame  manner  with 
this  acid  earth,  afforded  no  fenfible  folution  or  in- 
creafe of  weight ;  after  a  complete  evaporation,  the  dried 
faline  mafs  was  acid  as  before;  it  contained  no. alkali, 
fince  an  addition  of  two  parts  of  potafh  difengaged  no 
ammoniacal  odour. 

6th.  Hermbfladt  obferved,  as  well  as  Scheele,  that  the 
folution  of  this  acid  earth  was  not  rendered  turbid  by  fac- 
charine  acid. 

7  th.  He  again  treated   this  acid  earth  with  vitriolic 
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acid,  in  order  to  convert  the  calcareous  earth  he  fuppofed 
it  to  contain  into  fulphat  of  lime.  He  boiled  40  grains 
of  concentrated  vitriolic  acid  diluted  with  481"  of  diftilled 
water  on  120  of  this  fubftance,  and  on  leaving  it  to  re- 
pofe,  there  was  a  depoflt  of  fclenite.  The  liquor  evapo- 
rated to  one  third  depofited  a  thick  black  matter  on  the 
fides  of  the  veifel,  which  was  moftly  decompofed  fac- 
charine  acid ;  there  afterwards  feparated,  on  cooling, 
fome  cryftailine  flocks  of  fclenite,  which  wafhed  and  put 
*  on  the  coals  gave  not  the  leaft  trace  of  faccharine  acid. 
The  .reft  of  the  liquor  was  pure  vitriolic  acid. 

From  thefe  experiments,  Hermbftadt  concludes,  that 
the  acid  earth  is  compofed  of  calcareous  earth,  faccharine 
:  acid  in  excefs,  and  a  fat  matter ;  that  it  is  not  a  pure  acid, 
as  it  would  be  more  foluble,  but  an  effential  acid  fait,  of 
the  nature  of  tartar  or  fait  of  forrel,  except  inftead  of  the 
alkali,  it  is  the  lime  which  ferves  a*  a  medium  of  union 
between  thefe  principles  ;  that  it  only  differs  from   the 
fugar  of  milk,  becaufe  this  contains  a  greater  quantity  of 
acid  dulcified  by  the  fat  part ;  that  when  fugar  of  milk  is 
treated   with  the  nitrous  acid,  the  faccharine  acid,  united 
.  to  this  fat  part,  is  fet  at  liberty,  and  that  the  furplus  re- 
mains combined  with  the  calcareous  earth ;  laftly,  that 
the  vitriolic  acid  has  the  property  not  only  of  depriving 
the  faccharine  acid  of  the  calcareous  earth,  but  likewife 
of  decomposing  it. 
Morveau   ■       Thefe  concluilons,   drawn  from  Hermbftadt's  experi- 
S^opbib?  ments*  nave  Decn  examined  by  Morveau,  who  begins  by 
oi  SchecJe.    ftating,  that  Hermbftadt,  in  order  to  combat  with  advan- 
tage Scheele's  fyftem  on  the faccho -ln£lk  acid,  and,  at  the 
fame  time,  to    confirm    the  refults  of  his  fir  ft  analyfis, 
ought  to  prove, 

lft.  That  the  fubftance  to  which  Schecle  has  given 
that  name  had  a  bafis. 
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2d..  That  it's  acid  was  the  faccharine  acid,  and  hacl  all 
it's  properties  :   which  he  had  not  done. 

It  appears  to  Morveau,  that  with.refpecl  to  the  calca- 
reous earth  which  Hermbftadt  found,  his  experiments  on 
this  part  are  more  conclunve  than  the  reft ;  and  it  is  pof- 
fible  that  fugar  of  milk  contains  fome  of  that  earth,  if 
not  effentially,  at  leaft  accidentally.  Scheickel  found  fome 
in  refined  fugar.  The  fugar  of  milk  which  Morveau 
fubjccted  to  experiment  came  from  Switzerland  ;  it  was 
very  white  and  perfectly  cryflallized. 

He  took  fome  of  the  acid  earth  in  it's  greater!  ftate  of 
purity  u  c.  diffolved  in  boiling  water,  cryftallized,  and 
then  rediffolved  ;  into  this  he  poured  a  few  drops  of  lime 
water,  to  the  point  of  faturation  ;  he  then  added  fome  of 
the  fame  acid  until  there  was  an  ex.cefs  ofc  it ;  he  then  left 
it  to  repofe  for  24  hours,  to-be  certain  that  the  fait  which 
had  formed  was  held  in  folution  ;  he  then  poured  fome 
.  common  faccharine  acid  into  it,  and  in  a  few  hours  there 
was  a  very  fenfible  depofit  that  obfeured  the  fides  of  the 
glafs,  which  is  ufual  with  the  faccharite  of  lime  pro-  . 
duced  by  precipitation.     This  proves  t\vo;facls: 

1  ft.  That  it  was  not  the  faccharine  acid  which  held 
the  lime  in  folution,  or  the  addition  of  the  fame  acid 
would  have  promoted  inftead  of  Hopping  the  folution; 
an  acid  never  decompofes  falts  of  it's  own  fpecies. 

2d.  That  it  is  impoftible  that  the  acid  earth  holds 
calcareous  earth,  fince  this  acid  earth  cannot  be  collected 
except  at  the  moment  it  fwims  in  the  faccharine  acid ; 
and  it  is  ihown  by  this  experiment,  that  this  laft  acid  de- 
prives this  acid  earth  of  it's  calcareous  earth,  and  forms 
with  it  an  infoluble  fait.  Thus,  at  moft,  it  would  be 
calcareous  faccharite  that  is  mixed  accidentally  with  it, 
which  it  could  not  diiiblve.  Hence  Morveau  concludes, 
that  this  acid  is  really  the  faccho-la&ic  acid,  which  is 
different  from  the  oxalic  acid. 


Fourc  toy's 
definition  of 
it. 


It's  afftni- 
nities  ac- 
cording to 
Bergman. 
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Morveau  found,  that  to  diflblve  fix  grains  of  this  acid 
completely,  nearly  one  ounce  of  boiling  water  was  necef- 
fary,  and  that  it  depofited  about  14  in  a  more  cryftallized 
form  m\  becoming  cool  :  this  liquor  very  fenfibly  redden- 
ed blue  paper;  it's  fpecific  gravity  at  12°  was  1,0015.  It 
eflervefces  with  the  carbonated  earths  and  alkalies,  and 
forms  with  them  neutral  falts,  which  have  been  called 
facchola&ats  by  the  French  chemifts. 

As  this  acid  can  only  be  difiblved  in  fmall  quantity,  it 
cannot  have  any  action  in  a  liquid  ftate  upon  the  metals  ; 
it  unites  better  therefore  with  their  calces,  and  forms  falts 
with  them  very  little  foluble. 

Fourcroy  in  his  Philofophie  chimique,  has  thus  defined 
it.  The  faccholactic  acid  is<precipitated  in  the  form  of  a 
white  powder,  •rom  the  oxalic  acid  formed  by  the  fugar 
of  milk,  and  the  nitric  acid;  it  is  very  little  fapid,  very 
infoluble,  decompofed  by  means  of  fire,  and  affords  a 
fublimed  fait  of  the  odour  of  benzoin;  it  forms  cryftal- 
lizable  falts  with  alkalies,  that  are  very  little  known. 

The  order  of  it's  affinities,  according  to  Bergman,  is 
the  following : 

Moiji  way.  Dry  way. 

Lime  Alcohol  Lime 

Barytes  Phlogifton.       -        Barytes 

Magnefia  Magnefia 

Potafh  Potafh 

Soda  Soda 

Ammonia  Metallic  calces 

Argile  Ammonia 

Metallic  calces  Argile. 

Water 

This  chemitl  obferves  that  the  order  of  the  earths  is 
very  difficult  to  determine,  from  the  fmall  folubility  of 
the  falts  refulting  from  their  combinations. 

That  it  gives  up  the  calcareous  earth  to  feven  acids, 
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viz.  the  faccharine,  oxalic,  vitriolic,  tartareous,  karabic, 
phofphoric,  and  ouretic. 

That  it  decompofes  the  nitres  of  filver  and  mercury, 
and  the  nitre  and  muriat  of  lead. 

That  by  double  affinity  it  decompofes  all  the  metallic 
falts,  when  it  is  in  the  ftate  of  an  alkaline  neutral  fait. 

Morveau  is  of  opinion,  that  this  acid  is  formed  of  the 
acidifying  principle  oxygen,  and  a  radical  or  acidifiable 
balls ;  and  that  every  thing  concurs  to  indicate,  that  the 
fugar  of  milk  contains  only  thefaccholactie  radical,  which 
being  different  from  the  faccharine  radical,  conftitutes  all 
the  difference  between  the  fugar  of  milk  and  common 
fugar, 

Scheelii  Opufc.  chem.  et  phyf.  T.  1 1 . p. 1 1 1. — Hermb- 
ftadt's  Phyf.  und  chem.  Abhandl.  T.  1.  p.  301.— Ency- 
eloped.  Method.  Tom.  1.  Chimie,  p.  288  to  293.— 
Philof.  Chimiq.  p.  71. 


Bombic  acid, — It  had  been  mentioned  by  the  Abbs  Bombic 
Boiffier  de  Sauvages,  in  treating  of  the  difeafe  of  the  filk- 
worm,  which  the  French  call  mufcardine ;  that  on  tatting 
the  humour  of  one  of  thefe  difeafed  infects,  which  he 
had  cut  in  two,  he  found  it  to  imprefs  on  the  tongue  a 
very  ftrong  degree  of  acidity,  but«he  looked  upon  it  only 
as  the  effect  of  the  difeafe,  and  perfectly  foreign  to  the 
organization  of  the  infect. 

In  1781,  Chauffer  being  deflrous  of  making  a  few  ex-  Difcovered 
periments  on  filk  worms,  had  bred  a  certain  quantity  of  fjer# 
them  for  that  purpofe.  Several  of  thefe  having  efcaped 
from  the  paper  cafes,  got  into  an  adjoining  cheft  of 
drawers,  where  having  peaceably  fpun  their  filk,  they  un- 
derwent the  other  two  changes.  Having  feme  time  after 
looked  into  the  drawers,  to  his  great  furprife  he  found 
feveral  leaves  of  blue  paper  with  red  fpots,  as  if  fcme^icjd 
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had  been  fprinkled  upon  them.  This  excited  his  curiofi- 
ty ;  and  on  feeing  feveral  of  thefe  infects  in  their  butterfly 
itate  attached  to  this  paper,  he  fufpectcd  that  they 
might  contain  fome  acid  liquor,  which  was  ncceflary  in 
performing  fome  function,  and  which  they  fhed  during 
their  metarnorphofis  into  a  butterfly.  This  fufpicion  was 
foon  verified,  for  on  endofing  a  few  of  them  in  cafes  of 
this  blue  paper,  when  they  were  about  to  undergo  this 
change,  he  obferved  the  paper  to  be  moiitened,  and 
changed  in  fpots  to  a  red  colour  ;  and  hence  arofe  the 
difcovery  of  the  exigence  of  a  difengaged  acid  in  the  filk 
worm,  called  the  bombic  acid, 
Thepaitof  Chaufiier,  in  order  to  find  whence  this  acid  liquor 
th^Kuppiies  proceeded,  examined  the  vifcera  of  this  infect,  and  found 
that  the  lymph,  which  in  the  caterpillar  ftate  circulated 
in  a  fpungy  texture,  fituate  between  the  fkin  and  the 
ftamach.5  was  collected  and  depofited  by  degrees,  as  the 
animal  was  preparing  for  it's  chryfalis  ftate,  in  a  new  re- 
servoir fituate  near  the  anus;  and  was  fomied  at  the 
time  when  the  animal,  preffed  by  the  neceffity  of  voiding 
it's  fefervoirs  of  the  gummy  juice,  lays  the  firft  veftiges 
6f  it's  filk. 
It's  colour.  Accumulated  in  this  refervoir  of  the  chryfalis  or  riling 
butterfly,  it  is  of  an  amber  colour,  of  a  peculiar  favour, 
and  (lightly  mucous ;  infhort,  fays  Chauffier,  (i  it  is  a 
free  acid  which  immediately  reddens  the  blue  tinctures  of 
Vegetables,  unites  with  effervefcence  to  aerated  alkalies, 
diflblves  certain  metals  ;  treated  on  the  fire  with  alcohol, 
according  to  the  procefs  of  Landriani,  produces  a  fort  of 
sether ;  is  reduced  to  a  gas,  and  finally,  has  all  the  proper- 
ties characteriftic  of  acids. 
Jfeftbd  of  Having  fatisfied  himfelf  refpecting  the  origin  and  feat 
fromth?  "  of  the  acid>  Chauflier  was  defirous  of  finding  the  belt 
ehfyfaiis.  method  of  colleSting  it;  and  he  firft  began  by  cutting 
the  chryfalis  in  two,  in  order  to  feparate  that  part  which 


ACIDS.  8$ 

contained  the  acid,  but  as  it  immediately  changed  the 
Heel  to  a  black  colour,  and  had  the  inconvenience  of 
making  his  fingers  black  as  ink,  which  continued  feveral 
days ;  and  befides,  as  it  would  have  foon  become  putrid* 
like  all  other  animal  acids  extracted  by  expreffion,  by 
holding  in  folution  fome  mucous  parts,  this  academician 
made  ufe  of  another  procefs  to  obtain  the  liquor.  He 
bruifed  15  02.  of  healthy  chryfalides  recently  drawn  from 
the  lilk-cods,  m  a  glafs  mortar  J  and  by  expreffing  them 
through  a  linen  cloth,  obtained  9  oi.  of  a  thick  yellow  - 
ifh  juice,  very  flrongly  acid. 

The  chryfalides  which  are  not  drawn  from  their  cods  till 
after  the  winding  of  the  (ilk,  and  have  been  expofed  to 
the  heat  of  the  furnace,  or  the  vapour  of  boiling  water, 
(iill  afford  the  fame  liquor. 

To  deprive  this  liquor  of  it's  mucous  parts,  which 
would  not  only  diminifh  it's  diffolving  energy,  but  d$t~ 
pofe  it  to  putrefaction  ;  he  added  2  oz.  of  alcohol  to  it, 
The  mixture  at  firft  was  warm,  but  foon  became  clear ; 
and  being  filtered,  the  liquor  was  clear,  of  a  beautiful 
orange  colour,  and  of  an  odour  approaching  that  of  the 
filk  worm  or  mulberry  tree.  Into  this  filtered  liquor  forrie 
more  alcohol  was  poured  by  degrees,  and  at  each  time 
there  formed  a  flight  white  precipitate,  which  was  no- 
thing but  a  gummy  fubftance.  This  was  continued  un- 
til no  more  precipitate  appeared,  for  which  3  dunces  and 
half  were  neceffary. 

The  different  depofits  that  remained  on  the  filter 
weighed  one  ounce  and  a  half }  and  the  furface  refem.bled 
an  oil  of  a  beautiful  orange  colour,  of  the  odour  of  the  filk 
worm.  This  oil  was  infoluble  in  fpirit  of  wine,  although 
it  coloured  it  fomewjbat ;  one  part  was  of  a  gummy  na- 
ture, and  foluble  in  water,  the  other  part  appeared  to 
Chauflier  to  be  a  fort  of  animal  gluten,  intimately  united 
to  an  eavth  and  a  fat  oiL 
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pmebUin  **      Inftead  of  bruifing  the  chryfalides  they  may  be  fimply 
infufed  in  alcohol.     In  a  fliort  time  the  acid  unites  to  the 
fpirit,  is  of  a  beautiful  tranfparent  orange  colour  ;  and  as 
the  acid  is  more  fixed  than  the  fpirit,  by  evaporation  by  a 
gentle  heat  a  very  pure  acid  is  obtained,  which  concen- 
trated by  evaporation  in  the  air,  and  purified  from  the 
mucous  matter  by  repeated  filiations,  is  no  longer  fub- 
jecl:  to  change. 
The  acid         Having  fatisfied  himfelf  of  a  free  acid  in  the  chryfalis, 
every  ftate    he  was  defirous  of  knowing  whether  it   exifts  wholly 
according*1  f°rmed  during  all  the  ages  of  the  infect,  or  only  on  paf- 
to  Chauffier.  {mg  to  the  chryfalide  ftate.     He  had  at  firft  embraced  the 
latter  opinion,  founded  on  this  circumftancc,  that  the  dif- 
tillation  of  12  oz.  of  filk  worms  in  the  fourth  age  only 
afforded  fome  phlegm,  an  empyreumatic  oil,  and  volatile 
alkali ;  without  any  evident  veftige  of  an  acid,  or  even  of 
a  gas,  that  might  have  announced  the  decompolition  of 
the  acid.  But  he  received  no  more  on  diftilling  the  chry- 
falides themfelves,  in  which  the  acid  is  fo  developed )  on 
the  other  fide,  the  coaly  refidua  of  both  operations,  lixi- 
viated in  boiling  water,  furnifhed  a  neutral  ammoniacai 
.  fait ;  and  evert  the  eggs  of  the  filk  worm,  when  digefted 
in  water  mixed  with  a  little  alcohol,  afforded  him  fome 
feeble  but  evident  marks  of  acidity. 

Hence  he  thinks  he  is  enabled  to  conclude,  that  the 
acid  principle  exifts  at  all  times  during  the  life  of  the  in- 
fect, but  in  a  different  manner;  in  the  egg  and  in  the 
worm  it  is  combined  with  a  glutinous  gummy  fub fiance, 
and  it  cannot  be  recognized  without  precipitating  this 
fubftance,  which  marks  it's  properties,  as  by  the  infufion 
of  alcohol,  whilft  nature  performs  this  operation  in  the 
difeafe  called  the  mufcardine ;  but  in  the  chryfalis  the  acid 
is  always  free  and  developed,  and  immediately  fhows  it's 
acid  properties. 
Objeded  to      This  conclufion  of  Chaufiier  appears  to  Morveau  to 
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have  feveral  objections:   for  example,   it  is  not  known  b? Mor" 

.  ...  veau. 

what  becomes  of  the  acid  in  the  diftillation,  which  is 
found  at  leaft  in  excefs  in  the  chryfalis ;  nor  is  it  more 
eafy  to  conceive  how  this  acid  mould  be  able  to  form  with 
the  volatile  alkali  an  ammoniacal  fait,  that  could  refift  a 
diftilling  heat,  without  even  being  fublimed  ;  in  fhort, 
Morveau  is  of  opinion,  that  the  eggs  of  the  infect,  after 
their  maceration  in  water  and  alcohol,  may  leave  feme 
traces  of  an  acid,  without  it's  being  the  fame  as  that  of 
the  chryfalis.  As  it  has  been  proved  that  this  laft  is  very- 
abundant  and  manifeft,  he  is  inclined  to  believe,  that 
before  this  metamorphofis,  the  animal  contains  only  the 
acidifiable  bafe,  which  afterward  pafTes  to  a  ftate  Qf  per- 
fect acid,  by  combining  with  the  acidifying  vital  air,  by 
means  of  fome  functions  peculiar  to  the  new  organiza- 
tion of  the  infecl:. 

This  acid  attacks  iron,  lead,  and  copper,  with  which  it's  a&ion 
it  forms,  according  to  the  French  nomenclature,  bom-  f^.'  B  mC" 
biats,  and  in  the  definition  of  it  given  by  Fourcroy,  it  is 
faid  to  undergo  a  fpontaneous  decompofition,   affording 
the  pruffic  acid  by  diftillation  and  nitric  acid,  but  un- 
known at  prefent  in  it's  combinations, 

Mem.  fur  un  Acide  particulier  decouvert  dans  le  ver- 
a-foie,  avec  des  obfervations  fur  1'origine,  le  liege  de  cet 
acide,  &cc.  par  M.  Chauffier,  Nouv.  Mem.  de  TAcad.  de 
Dijon,  ace.  fern.  1783,  p.  70. — Encycloped.  Method, 
art.  Chimie,  T.  l.p.  410. 


Lithic  Acid,     For  the  difcovery  of  an  acid  in  the  cal-  Lithic  acid 
cuius  of  the  bladder,  we  are  indebted   to  the  labours  of 
Scheele  and  Bergman.     It  is  called  by  Morveau,  in  the 
Encyclop.  Meth.  the  lithic  acid,  from  Ai0j«;k  or  AiGoc,  which 
chemifts  and  phyficians  have  made  ufe  of  as  a  radical 
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word  in  their  account  of  the  calculus.     By  fomc  chemifts 

it  is  called  the  uric  acid. 
JV s  proper-      £j£  j-^  ^y  jg  a  body  compofed  0f  fma]j  needles, 

clofely  compreffed  together,  forming  very  denfe  Iaminse, 
fiifceptible  of  a  polifh  like  marble.  It  is  of  the  colour 
of  wood,  is  nearly  infipid,  and  weakly  reddens  the  blues  of 
vegetables.  It  is  infoluble  in  cold  water,  but  foluble  in 
more  than  1000  times  it's  weight  of  boiling  water;  it 
cryftallizes  on  cooling.  It  is  foluble  in  the  nitric  acid 
when  a  little  concentrated,  which  gives  it  a  rofe  or  pink 
colour ;  this  is  communicated  to  the  fkin,  and  when 
evaporated,  a  rofe  coloured  deliquefcent  refiduum  remains. 
It  is  infoluble  in  the  fulphuric  and  muriatic  acids.  It 
is  foluble  in  cauflic  vegetable  and  mineral  alkalis,  and 
may  be  precipitated  from  them  by  the  weakcft  acid, 
even  by  the  carbonic :  hence  it  is  infoluble  in  alkaline 
carbonat,  and  is  the  weakeft  of  all  acids,  which  diftin- 
guifhes  it  from  every  other. 

On  diftillation,  it  is  in  part  decompofed,  affording  the 
carbonat  of  ammonia  in  fmall  quantity,  and  the  pruf- 
3^c  acid,  and  is  in  part  fublimed  into  an  acid  fublimate. 

It  unites  to   earths,   metallic   acids,  alkalis,  forming 
with  them  peculiar  neutral  falts,  called  lithiats  of  am- 
monia, of  lime,  of  copperas;  but  it  appears  to  prefer  the 
alkalis  to  the  earths. 
Obfervedby      Although  Scheele  may  be  looked  upon  as  the  difcoverer 
hoeck.         of  this  acid,  yet  Leuwenhoeck  had  obferved,  before  him, 
the  cryftalline  depofite  which  took  place  in  water  in  whicii 
a  calcined  velical  calculus  had  been  boiled  ;  but  he  had 
no  idea  of  it's  being  an  acid. 
Where  The  lithic  acid  is  found  to  compofe  the  greater  part 

of  human  urinary  calculi,  as  well  as  the  chalkftones 
formed  in  the  gout.  Sometimes  it  forms  only  the  cen- 
tral part  of  the  calculus,  and  is  covered  with  earthy  phof - 
phats;  at  other  times  it  is  deposited  upon  a  nucleus  of 
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oxalat  of  lime.  It  has  not  at  prefent  been  found,  ac- 
cording to  Fourcroy,  in  other  animals.  It  exifts  in  aR> 
human  urines,  and  is  precipitated  from  them  in  the  form 
of  red  fand,  on  cooling ;  it  is  more  abundant  after  acute 
difcafes.  It  is  this  acid,  according' to  Fourcroy,  that 
forms  the  critical  depofite  of  urines ;  it  is  moft  often 
found  forming  gravel  in  the  kidnies.  It  is  diffolved  on 
being  fufpended  in  a  ley  of  very  pure  potafh.  greatly  di- 
luted with  water,  which  may  be  injected  into  the  blad- 
der. It  appears  to  be  naturally  united  in  urinary  cal- 
kali  with  a  coloured  animal  fubftance,  which  would 
feem  to  be  uree,  but  in  very  fmall  quantity.  In  the 
chalkftone  it  is  united  with  foda;  and  on  diftillation 
this  acid  is  decompofed,  and  yields  the  ufual  products  of 
other  animal  fubftances,  viz.  a  fetid  alkaline  liquor, 
a  heavy  fetid  oil,  volatile  alkali,  and  a  fpongy  coal; 
this  laft,  on  incineration,  fufes  into  a  white  fait  that 
does  notdeliquefce,  is  intirely  foluble  in  water,  is  alkaline, 
and  when  faturated  with  nitrous  acid,  gives  rhomboidal 
eryflals;  hence  it  is  foda,  the  other  part  of  the  chalk- 
■Itone. 

It  had  been  fufpected  by  Fourcroy,  that  this  acid  was  Conversion 
nothing  but  a  modification  of  another  acid  5  and  from  a  ^-^"^ 
late  experiment  of  Brugnatelli,  this  fufpicion  was  true. 
fie  found  that  the  lithic  acid  was  converted  into  the  ox- 
alic acid  with  aftoniuYmg  rapidity,  onfuffering  it  to  come 
into  contact:  for  a  few  minutes  wi^h  oxygenated  muriatic 
acid  gas ;  this  experiment  has  been  repeated  by  Four- 
croy, and  confirmed.  He  placed  a  little  powdered  uric 
calculus  in  a  tube  of  glafs,  mciftened  it,  and  on  paffing 
fome  oxygenated  muriatic  acid  gas  through  it,  the  con- 
verfion  immediately  took  place. 

Leonhardi's  Wcerterb.  v.  5.  p.  238.  art.  Blafenfteine- 
faure. — Fourcroy's  Elcmens  de  Ch.  T.  4.  art.  Acide  Li- 
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thtque.  1791. — Ency.  Meth.  art,  Acide  Lith  iafique, 
Tom.  1.  p.  1,  410.— Annal  de  Chim.  No.  95, 
p.  184,  216. 


Amniotic  Amniotic  acid.  This  acid  was  firft  difcovered  in  the 
liquor  amnii  of  the  cow,  by  Buniva  and  Vauquelin. 
The  fmall  quantity  they  were  able  to  procure  pre- 
vented them  from  extending  their  experiments  upon  it, 
or  from  afcertaining  the  quantity  of  it's  component  parts ; 
but  the  inveftigation  was  furncient  to  convince  them  of 
it's  being  a  peculiar  acid, 
ties  propcr"  The  amniotic  acid  is  a  white,  fhining,  concrete  fub- 
fiance ;  it's  favour  is  very  flightly  acid. 

It  changes  the  tincture  of  litmus  to  a  red  colour. 

It  is  very  little  foluble  in  cold  water,  much  more  fo  in 
boiling  water,  from  which  it  feparates  on  cooling,  in  the 
form  of  needles,  feveral  centimetres  in  length. 

It  readily  combines  with  cauftic  alkalis,  which  render 
it  very  foluble  in  water  ;  the  other  acids  feparate  it  from 
it's  faline  combinations,  in  the  form  of  a  white  cryftal- 
line  powder  ;  it  does  not  decompofe  alkaline  carbonatf, 
except  by  means  of  heat;  it  produces  no  change  in  the 
aqueous  folution  of  alkaline  earths,  or  in  the  nitric 
folutions  of  filver,  lead,  or  mercury, 

Expofed  to  the  fire,  it  fwells  and  emits  an  ammoniacal 
odour,  evidently  mixed  with  pruflic  acid ;  a  large  volume 
of  coal  is  left  behind. 
It's  relation  It  would  appear  at  firft  to  have  fome  relation  to  the 
acids°  '  facchola&ic  and  uric  acids  ;  but  this  is  foon  found  to  be 
only  externally,  for  the  faccholaclic  acid,  on  diflillation, 
affords  no  ammonia ;  the  uric  acid,  indeed,  gives  both 
ammonia  and  the  pruflic  acid,  onexpofure  to  the  fire,  but 
it  is  not  fo  foluble  in  hot  water,  does  not  cryftallize  into 
Jong,  white,  and  mining  needles,  and  more  parti cuJarlyj 
is  not  foluble  in  boiling  alcohol,  like  the  amniotic  aci'j. 
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Des  Proprietes  dc  l'acide  contenu  dans  l'eau  de  1' am- 
nios de  vache,  appellee  acide  a?nn'iot':que^  dans  un  m£moire 
fur  l'eau  de  Pamnios,  &c.  par  les  Cit.  Buniva  et  Vauque- 
lin,  An.  de  Ch.  N°  99.  p.  279.     An.  8,  or  1800. 

Acid  of  phofphorus. — This  appellation  has  been  given  by  Phofphovut 
chemifts  to  this  acid,  becaufe  it  was  firft  obtained  by  two  kinds 
combuftion  from  an  inflammable  fubftance  called  phof-  ^0^m 
phorus,  which,  when  pure,  is  a  white  tranfparent  body, 
refembling  wax.  It  is  fometimes  cryftallized  and  very  fu- 
fible.  Phofphorus  undergoes  two  fpecies  of  combuftion. 
J  ft.  If  it  be  expofed  to  the  common  air  of  the  atmofphere 
at  the  lowed  temperature,  even  a  few  degrees  below  zero, 
during  the  day  a  white  fmoke  or  vapour  is  feen  to  fur- 
round  it;  if  during  the  night,  this  vapour  appears  in  the 
form  of  a  greeniih  white  waving  light ;  and  in  perfect 
darknefs,  the  luminous  rays  are  fo  expanded  as  only  to 
difappear  at  fome  diftance  from  the  phofphorus.  This 
luminous  vapour  is  unaccompanied  by  any  fenfible  heat, 
and  does  not  communicate  flame  to  other  combuftible 
bodies,  but  continues  to  burn  and  emit  light  to  the  laft 
atom.  This  is  called  the  flow  combuftion  of  phofpho- 
rus, and  if  it  be  made  in  an  apparatus  under  aglafs  bell, 
where  the  air  can  be  flowly  renewed  by  lateral  apertures, 
the  acid  which  is  formed,  and  is  diflblved  by  the  humi- 
dity of  the  air  it  attracts,  is  the  pbefphork  acid.  2d.  If 
the  temperature  in  which  the  phofphorus  is  expofed  to 
common  air  be  raifed  above  40  degrees,  or  even  fomewhat 
lower,  this  flow  combuftion  foon  gives  place  to  a  rapid 
combuftion,  a  deflagration  takes  place,  accompanied  by  an 
afperfion  of  numberlefs  fiafties,  and  very  vivid  luminous 
decrepitations  ;  the  fufion  is  complete,  and  the  heat  very 
ardent  that  arifes  from  it,  and  the  product  is  the  phofpho- 
ric  acid.  This  rapid  combuftion  is,  however,  more 
complete  in  oxygen  gas.     Phofphorus  when  plunged  into 
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this  gas,  does  not  burn  in  the  cold,  but  if  when  melted  il 
be  placed  in  contact  with  it,  it  immediately  inflames,  and 
the  light  is  fo  ftrong  as  to  be  infupportable  to  the  eve  ; 
and  fo  great  is  the  quantity  of  heat,  that  according  to  La- 
voifier  and  Laplace,  one  pound  of  oxygen  employed  in 
the  combuftion  of  this  body  furnifhes  a  quantity  of  heat, 
capable  of  melting  6(3  lb.  10  oz.  5  drachms  and  24  grains 
of  ice  at  zero.  This  phofphorus  abforbs  once  and  a  half 
It's  weight  of  oxygen,  and  is  converted  into  white,  fnowy, 
cryilalline  flocks,  which  are  the  acid.  If  this  phofphorus 
thus  melted  be  burnt  at  the  bottom  of  water  by  commu- 
nicating oxygen  to  it,  the  acid  is  diflblved  and  puts  on  a 
liquid  form. 
Jt'spurifi-  Since  phofphorus,  when  firft  made  by  artificial  means, 
is  not  in  it's  pure  ftate,  methods  have  been  difcovered  to 
rid  it  of  it's  impurities.  Some  recommended  the  rectify- 
ing of  it  by  diftillation,  it  was  put  into  a  fmall  glafs  retort, 
to  which  a  receiver  half  filled  with  water  was  applied,  and 
a  gentle  heat  forced  over  the  phofphorus;  but  whatever 
precaution  was  ufed,  a  part  of  the  phofphorus  is  always 
loft  by  being  converted  into  acid.  Another  method  is, 
to  melt  it  in  hot  water  a  little  below  ebullition  ;  it  is  then 
poured  into  cold  water,  taking  care  not  to  let  it  come  into 
contact  with  the  air,  as  mifchicf  might  enfue  from  it's 
inflammation ;  then  cut  in  pieces,  put  into  tubes  and  li- 
quified again  in  hot  water,  and  when  cold  taken  out ;  by 
this  means  the  impurities  being  lighter  than  the  phofpho- 
rus, feparate.  A  third  method  is  to  put  the  phofphorus 
into  fome  chamois  leather,  which  is  to  be  dipped  in  boil- 
ing water  till  the  phofphorus  is  melted  ;  it  is  then  to  be 
preffed  through  the  leather  in  the  manner  quickfilver  is  pu- 
rified; but  the  leather  can  be  employed  only  once,  as  it  co* 
lours  the  phofphorus  the  fecond  time;  this  method  was  re- 
commended by  Felletier.  It  is  then  put  into  a  long-necked 
glafs  tunnel,  which  is  clofed  at  the  fmaller  end  bya piece  of 
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ia'ooc)  or  cork,  filled  with  water  and  placed  in  boiling 
water)  during  fufion  it  takes  the  form  of  the  tunnel  ;sit  is 
afterwards  plunged  into  cold  water,  and  when  fixed,  the 
phofphorus  is  thruft  out  by  a  bit  of  wood.  It  is  preserv- 
ed in  water,  although  after  a  certain  time  it  lofes  it's 
tranfparency,  is  covered  with  a  white  powder,  and  the 
water  becomes  acid.  The  red  impurity  pbferved  to  at- 
tend phofphorus,  and  which  is  of  all  fhades  to  a  blacky 
arifes  from  it's  union  with  more  or  lefs  charcoal  accord- 
ing t©  Prouft,  and  not  from  iron,  as  Nicolas  fuppofed. 

Fourcroy  found  the  fpecific  gravity  of  phofphorus  to 
be  to  water  as  2,0332  to  1,0000.  It's  favour  is  fome- 
what  fharp  and  difagreeable,  it  has  a  garlic  fmell,  cryftal- 
lizes  either  in  the  form  of  needles  or  micaceous  laminse, 
or  lengthened  octoedrons,  prefenting  a  great  variety.  It 
is  very  fufceptible  of  heat.  At  25°  of  Reaumur,  it  is 
foft  and  ductile  j  at  32°  it  melts,  runs,  and  is  tranfparent, 
like  a  white  oil ;  on  becoming  cold  by  degrees,  it  cryflal- 
lizes;  at  76°  it  is  reduced  to  vapours ;  at  8G°  it  begins  to 
collect  in  drops  at  the  mouth  of  the  retort,  which  has 
been  heated  by  water.  Heated  without  water,  in  a  {lone 
retort,  it  boils  at  330°,  the  drops  following  each  other 
very  quick  at  the  mouth. 

According  to  Spallanzani,  it  does  not  begin  to  burn  be- 
low 5°  of  Reaumur  in  common  air ;  and  in  pure  oxy- 
gen gas,  it  burns  and  produces  light  only  at  22°. 

The  rcafon  of  it's  burning  fooner  in  common  air  than 
in  oxygen  gas,  arifes  from  it's  folution  by  the  azot  of 
the  firft,  which  becomes  faturated  with  it ;  it  then  burns 
jn  oxygen  gas;  hence  in  pure  oxygen  gas  alone,  no 
phofphorous  acid  can  be  obtained. 

Phofphorus  being  thus  procured  in  it's  pure  ftate,  the 
next  object  is  to  obtain  the  acid  from  it.  In  the  articles 
urine  and  bones  it  was  obferved,  that  this  acid  might  be 
obtained  from  both,  although  the  preference  was  given  W 
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the  method  of  Scheele;  but  the  tedioufnefs  of  the  ope- 
ration  when   any  great  quantity  of  phofphoric  acid  is 
wanted  for  medical  or  other  purpofes,  and  the  admixture 
,_   of  foreign  matters,  and  other  great  obftacles  againft  pro- 
thods  of  ob-  curing  it  in  a  flate  of  purity,  independent  of  the  expenfe, 

taining  the  °  \  -n  i 

acid  from     oblige  the  apothecaryj   who  wi  fries   to   procure   feveral 

piopwrui.  p0imcjs  0f  jt  in  ^  fhort  time,  to  relinquifh  the  attempt 
of  decompofing  bones,  and  to  endeavour  to  oxygenate 
ready-prepared  phofphorus.  For  this  purpofe  there  are 
three  methods,  either  by  the  combuftion  of  phofphorus, 
it's  gradual  oxygenation  by  expofure'to  the  air,  or  finally, 
it's  treatment  with  nitric  acid. 

Bycombuf-  lft.  The  firft  method  of  obtaining  this  acid,  i.  e.  by 
the  combuftion  of  phofphorus  in  a  proper  apparatus,  was 
recommended  by  the  late  Pelletier  and  profeflbr  Tromf- 
dorf,  and  is  a  sood  wav  of  obtaining  it  in  a  ftate  of  con- 
fiderable  purity.  This  mode,  however,  cannot  be  conve- 
niently practifed  by  every  body,  fince,  according  to  Pel- 
letier, it  requires  a  very  complicated  apparatus  \  befides 
the  combuftion  of  phofphorus  is  ill  adapted  for  the 
fpeedy  preparation  of  large  quantities  of  the  acid,  fo  that, 
upon  the  whole,  it  cannot  be  recommended  as  a  method 
to  be  universally  adopted  by  all. 

Slow  oxy-  2d.  The  fecond  method,  /.  e,  by  the  flow  fpontaneous 
oxygenation  of  phofphorus,  cofts  very  little  trouble,  not 
more  than  that  of  frequently  examining  the  temperature 
of  the  place  in  which  the  phofphorus  is  left  to  liquefy. 
It  is,  however,  neceffary,  to  be  cautious  not  to  expofe  too 
large  quantities  of  phofphorus  to  be  oxygenated  at  once, 
nor  to  fuflfer  the  pieces  of  phofphorus  to  come  into  con- 
tact with  each  other;  for,  according  to  Suerfen,  it  has 
happened  to  him  more  than  once,  that  having  placed 
about  one  ounce  of  phofphorus  in  a  glafs  funnel,  in  a 
cellar,  it  took  fire  at  the  temperature  of  50  degrees  of 
Fahrenheit,     The  phofphorcus  acid  thus  obtained  may 
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afterward  be  converted  into  phofphoric  acid  by  diftllla- 
tion,  according  to  the  method  of  Buckholtz.  Though 
phofphoric  acid  may  thus  be  obtained  in  a  very  pure  and 
concentrated  ftate,  this  method  is,  however,  not  calcu- 
lated to  become  a  general  rule  of  practice,  for  it  requires 
ftill  more  time  than  the  firft  method,  or  the  combuftion 
of  the  phofphorus,  independent  of  the  danger  of  fponta- 
neous  inflammation. 

3d.  The  third  method,  /.  e.  by  the  nitric  acid,  is  By  nitric 
looked  upon  as  preferable  to  the  ethers,  for  it  not  only  auU' 
procures  whatever  quantity  is  wanted,  with  certainty,  in 
a  very  lTiort  fpace  of  time,  but  without  much  expenfe, 
fcarcely  any  trouble,  and  without  any  hazard  of  lofs. 
This  is  the  method  made  ufe  of  by  Suerfen,  an  ingenious 
apothecary,  at  Keil,  by  which  he  has  been  enabled  to 
procure,  in  the  fpace  of  a  few  hours,  as  large  a  quantity 
of  pure  and  concentrated  phofphoric  acid  as  he  formerlv 
could  fcarcely  prepare  in  a  week,  or  even  a  fortnight,  and 
that  not  without  a  great  deal  of  labour  and  expenfe ; 
hence  it  muft  be  of  great  ufe  to  the  practical  chemifi. 

Although  in   the  oxygenation  of  phofphorus  by  the 
nitric  acid,  according  to  profeflbr  Tromfdorf,  caution  is 
neceflary,  yet  it  need  not  be  carried  to  that  extent  which 
he  alTerts.     If,  for  example,   highly  concentrated  nitric 
acid  be  poured  upon  a  considerable  quantity  of  phofpho- 
rus, and  this  mixture  be  afterwards  expofed  to  a  violent 
degree  of  heat  in  the  fand  bath,  an  inflammation  of  the 
phofphorus  will  almoft  unavoidably  be  the  confequence, 
as  the  action  of  the  large  mafs  of  phofphorus  upon  the 
nitric  acid  being  too  vehement,  a  confiderable  part  of  the 
former  is   impelled   toward  the  furface,   where  coming 
into  contact  with  the  atmofpherical  air,  an  inflammation 
is  produced  with  fuch  an  extrication  of  heat  and  ^iir,  as 
violently  to  break  in  pieces  the  veffels  in  which  the  diftil- 
lation  is  performed.     The  fame  circumflance  will  like- 
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wife  happen,  if,  according  to  the  directions  of  Hermb- 
ftadt,  4  ounces  of  fuming  nitrous  acid  diluted  with  18 
ounces  of  water,  be  poured  upon  1  ounce  of  phofpho* 
rus  in  a  retort,  and  the  mixture  be  diftilled  in  a  fand  bath. 
Jn  this  cafe,  at  firft,  no  action  of  the  phofphorus  upon 
the  acid  is  perceptible ;  but  in  the  progrefs  of  the  diftil- 
lation,  as  the  nitrous  acid  becomes  more  and  more  con- 
centrated, it's  action  is  fo  inftantaneous  as  to  impel  the 
phofphorus  with  violence  to  the  furface,  where  it  immedi- 
diately  takes  fire,  and  the  lofs  of  the  retort  with  all  it's 
contents  is  the  confequence. 

As,  therefore,  it  is  extremely  difficult  to  obtain  pho{- 
phoric  acid  in  this  manner,  and  in  general,  to  perform 
the  operation  by  means  of  the  fand  bath,  the  beft  is  to 
follow  Lavoiiier's  method,  viz.  to  pour  the  nitrous  acid 
into  a  tubulated  retort,  and  gradually  to  introduce  the 
phofphorus  by  fmgle  drops  at  a  time.  By  following  this 
method,  with  fome  variation,  a  confiderable  quantity  of 
phofphoric  acid  may  be  prepared  with  the  utmofl  fecu- 
rity,  and  with  very  little  expenfe  of  time;  the  procefs 
may  be  even  carried  on  in  the  intervals  of  the  time  em* 
ployed  upon  other  operations. 

Metftod  of  Suerfen,  after  having  procured  fome  pounds  of  con- 
centrated nitric  acid,  free  from  ail  admixture  of  fulphu- 
ric  by  drawing  off,  feparately,  the  acid  which  paffes  over 
in  the  middle  of  the  operation,  dilutes  fpveral  ounces  of 
this  acid  with  an  equal  quantity  of  diftilled  water.  This 
dilated  acid  is  then  poured  into  feveral  fmall  glafs  re* 
ceivers,  an  ounce  into  each,  which  are  placed  upon  a 
frame  made  of  iron  wire.  Half  an  ounce  of  phofpho- 
rus is  now  introduced  into  each  of  thefe  receivers,  which 
are  gradually  heated  by  the  flame  of  a  fill  all  lamp,  till  & 
fufficient  action  of  the  phofphorus  upon  the  nitrous  acid 
is*perceived  ;  a  confiderable  evolution  of  nitrous  gas  im- 
mediately takes  place,  which,  however,  is  not  fo  violent 
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as  to  impel  the  phofphorus  to  the  furface  of  the  liquid* 
If,  in  anv  of  the  receivers,  the  folution  of  the  phofpho- 
rus  does  not  fcem  to  go  on  as  it  ought,  they  are  heated 
by  applying  the  larrup  to  them,  and  after  fome  time,  if 
there  is  reafon  to  apprehend  that  too  great  a  degree  of 
heat  may  be  produced,  the  lamp  is  intirely  removed. 
Should  the  action  in  the  receivers  become  very  violent, 
and  luminous  vapours  difengage  themfelves,  it  may  be 
immediately  allayed  by  the  addition  of  a  fmall  quantity 
of  diftilled  water.  Thus  the  phofphorus  muft  be  intro- 
duced into  the  acid  by  fmall  quantities  at  a  time,  alter- 
nately heating  the  receivers  with  the  lamp,  till  the  reci- 
procal action  of  the  acid  and  the  phofphorus  becomes 
languid,  when  a  frefh  quantity  of  concentrated  nitric 
acid  is  again  added.  This  alternate  introduction  of  the 
phofphorus,  the  nitiic  acid,  and  the  diftilled  water,  with 
the  application  of  the  lamps,  whenever  it  is  required, 
are  continued  till  the  whole  quantity  of  the  phofphorus 
to  be  oxygenated  is  expended.  For  the  complete  oxyge- 
nation of  an  ounce  of  phofphorus,  four  ounces  of  fum- 
ing nitrous  acid  of  1,508  fp.  gr.  are  generally  re- 
quired, in  a  temperature  of  61°  of  Fahrenheit,  and  a 
fpace  of  four  hours.  In  fix  fmall  receivers,  and  with 
one  lamp,  12  ounces  of  phofphorus  may  be  very  conve- 
niently oxygenated  in  one  day,  reckoning  eight  hours  to 
the  operation.  This  phofphoric  acid,  which  is  of  a  di- 
lute quality,  and  mixed  with  a  fmall  quantity  of  muriatic 
and  nitric  acids,  is  now  fubje&ed  to  diftilLtion  upon  the. 
fand  bath,  in  which,  at  firft,  muriatic  acid  gas,  then  ni- 
trous acid,  and  nitrous  gas,  and  afterwards  an  infipid  wa- 
ter pafs  over.  If  the  diitillation  be  now  continued 
with  an  increafe  of  heat,  an  acidulous  fluid  paries  over, 
while  pungent  vapours  are  extricated.  Thefe  vapours 
have  an  odour  precifely  fimilar  to  that  of  the  phofphoric 
acid  when  palling  into  a  itate  of  volatilization. 
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The  acid  which  paflfes  over  at  the  beginning  of  the 
diftillation  produces  no  cloud  when  mixed  with  lime 
water;  that,  on  the  contrary,  which  is  given  out  at  the 
end  of  the  operation,  precipitates  from  it  a  very  copious 
fediment;  a  proof  of  the  acid  laft  extricated  being  of  a 
phofphoric  nature  ;  and  it  appears  to  Suerfen  as  well  as  to 
profefsor  Schercr,  that  by  a  very  great  increafe  of  tem- 
perature, a  partial  decompofition  of  the  phofphoric  acid 
is  effected*  The  whole  procefs  being  now  completed, 
the  product  is  a  colourlefs  phofphoric  acid,  of  the  con- 
fidence of  a  thick  firup,  the  fpecific  gravity  of  which, 
at  the  abovementioned  temperature,  is  2,0 :  and  from  one 
ounce  of  pbofphorus  2  ounces  and  half  of  concen- 
trated acid  are  obtained,  foluble  in  water  with  an  ex- 
trication of  heat,  pofleffing  all  the  properties  of  pure 
phofphoric  acid.  Such  is  the  procefs  made  ufe  of  by 
Suerfen. 
Bivifion  in-      The  acid  of  phefphorus,  according  to  the  degree  of  oxy- 

to  two  acids.  .  .  .  .  .    .  .     .  . 

genation  it  has  undergone,  may  be  divided  into  the 
phofphoric  and  phofphorus  acids.  The  firft,  or  phofpbo- 
ric,  according  to  the  definition  of  Fourcrov,  is  a  thick 
liquid  compofed  of  phofphorous  and  oxygen,  united  by 
rapid  and  complete  combuftion,  or  by  any  other  means; 
or  it  is  folid,  vitriHable  by  the  fire,  diflblving  filex  in  it's 
vitrification,  and  decompofablc  by  carbon,  which  recalls 
it  to  a  ftate  of  phofphorus  again;  it  decompofes  the  ni- 
trous acid,  and  becomes  oxygenated  to  excefs  by  taking 
a  part  of  it's  oxygen.  This  oxygenated  phofphoric 
acid  is  decompofed  bv  the  flame  of  a  candle,  producing 
a  very  ftrong  detonation;  the  moment  it's  oxygen  is 
raifed  to  a  gafeous  ftate,  it  forms  phofphats,  with  earths, 
alkalis,  and  metallic  oxvds.  The  fecond,  or  phofphorous, 
dirfers  from  the  phofphoric  acid  only  by  having  lefs 
cxygen  in  union,  with  it;  it  is   very  volatile,   odorous, 
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taking  and  giving  oxygen  to  many  bodies,  and  forming 
phofphals  with  earthy,  alkaline,  and  metallic  bafes.- 

lft.  The  phofphoric  acid  is  a  thick  liquid,  nearly  vifcous, 
forming  ftriae,  like  certain  oils,  on  the  fides  of  the  glafs 
in  which  it  is  fhaken  ;  it  is  perfectly  inodorous,  very  four, 
but  not  cauftic  to  the  tafte,  never  burning  any  organic 
fubftance  ;  it's  fpecific  gravity  is  more  than  twice  that  of 
water ;  it  reddens  the  blue  colours  of  vegetables,  is  per-  Phofphoric 
fectly  incombuftible,  and  enjoys,  in  a  high  degree,  that 
property  of  attracting  and  of  being  ftrongly  attracted, 
which  the  genius   of  Newton   has  attributed    to   acids.  It's  proper. 
Expofed  to  heat,  it  becomes  thick,  concentrated,  denfe,  ties- 
and  lofes  it's  water,  which  evapsrates,  taking  at  the  fame 
time  a  verv  weak  part  of  the  acid  along  with  it.     It  is 
thus  brought  to  the  (late  of  tranfparent  jelly,  preferving 
this  form  in  a  well  corked  veiTel,  but  in  the  air   becom- 
ing liquid  again.     If  it  be  ftill  expofed  to  heat  until  red 
hot,  it  melts,  fwells,   is   filled  with  blebs,   and  at  laft  it 
remains  in  tranquil  fufion.     Before  the  blowpipe,  upon 
a  platina  fpoon,  or  in  the  hole  of  a  piece  of  charcoal,  it 
is  like  wife  made  to  take  the  form  of  a  very  tranfparent 
vitreous   globule,  refembling  the  moft   beautiful   water 
cryftal.     In  this  ftate  of  glafs,  the  phofphoric  acid  imi- 
tates,  in  brilliancy,  the  precious  ftones,  but  it  is  always 
acid,  deliquefcent  in  the  air,  and  foluble. 

The  phofphoric  acid,  if  it  be  immediately  produced  in  a  liquid 
by  dry  combuftion  in  oxygen  gas,  attaches  itfelf  to  the  ou$  ftates% 
fides  of  the  glafs  bells  in  which  the  heat  has  fublimed  it 
before  inflammation,  in  the  fi^rm  of  very  acrid,  white, 
brilliant,  cryftallized  fcales;  but  it  foon  lofes  this  form, 
and  becomes  liquid  by  contact  of  the  leaft  humidity, 
even  of  the  air.  It  is  neceflary  to  obferve,  that  con- 
crete and  lamellated  phofphoric  acid  immediately  melts 
into  glafs  the  moment  it  becomes  red  hot,  without  fwel- 
ling,  or  emitting  blebs,  becaufe  it  has  no  water  to  lofe, 
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or  at  leaft,  very  little  previous  to  it's  taking  the  vitreous 
form. 

This  lingular  vitreous  ftate,  of  which  the  phofphoric 
acid  is  fufceptible,  in  no  manner  changes  it's  nature, 
or  the  proportion  of  it's  principles  ;  it  is  a  proof  of  it's 
great  fixity,  and  if  it  is  ftrange  that  it  contains  a  fub- 
llance  fo  volatile  as  phofphorus,  it  muft  be  recollected, 
what  a  folidity  the  oxygen  has  acquired  by  lofing  fuch  an 
enormous  quantity  of  caloric.  As  to  the  reft,  the  vi- 
treous phofphoric  acid  is  only  obtained  very  pure,  when 
it  is  the  product  of  phofphorus  burned  by  oxygen,  and 
when  melted  in  a  crucible  of  platina;  when  extracted 
from  it's  union  with  fome  body,  it  often  retains  a  little 
earthy,  alkaline,  or  even  metallic  bafis,  with  which  it  was 
joined.  When  melted  in  earthen,  glafs,  or  metallic  vef- 
fels,  it  diffolves  a  part  of  them,  affording  on  fufion  opake, 
coloured  glaffes,  that  are  infipid,  infoluble,  do  not  deli- 
quefce  in  the  air,  are  odorous  and  luminous  on  being 
rubbed  in  the  dark.  When  a  very  pure  phofphoric  glafs 
is  diffolved  in  water,  it  does  not  differ  in  the  lead  from 
the  liquid  phofphoric  acid  of  which  it  is  made.  The 
glafs  once  made,  is  fufed  without  motion  or  vapour; 
when  red  hot,  it  is  even  fo  fufible  as  to  ferve  as  a  flux  for 
many  other  bodies. 
It'saftion  Light  has  no  action  upon  phofphoric  acid,  which  re- 
b"dils!rent  fra&s  it  pretty  flrongly.  It  has  not,  in  it's  different 
ftates,  any  attraction  for  oxygen  with  which  it  is  entirely 
faturated,  nor  any  action  on  oxygen  gas.  Expofed  to  the 
air,  it  only  attracts  it's  humidity ;  which  the  dry  and  con- 
crete takes  from  the  air  with  great  rapidity  and  force  ;  the 
thick  liquid  or  gelatinous  acid  attracts  it  more  {lowly, 
but  abforbs  nearly  half  it's  weight;  the  vitreous  only 
becomes  humid  after  a  long  time,  and  when  it's  exterior 
ftratum  is  thick  and  gelatinous,  it  defends  the  interior  fo 
as  to  preferve  it's  form  a  long  time,.and  only  takes  the 
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liquid  ftate  with  great  difficulty.  It  undergoes  no  change 
from  azot,  or  it's  gas,  or  from  hydrogen,  or  it's  gas. 
Carbon  has  likewife  no  effect  upon  it  in  the  cold ;  but  in 
the  heat,  when  the  charcoal  is  red  hot  and  touches  the 
acid  in  it's  dry  or  vitreous  ftate,  the  order  of  attraction 
changes,  the  carbon  deprives  the  phofphorus  of  it's 
oxygen,  which  is  volatilized,  whilft  the  newly  formed 
carbonic  acid  is  difengagcd. 

Such  is  the  theory  of  the  procefs  by  which  phofpho- 
rus is  obtained  on  diftilling  the  dry  phofphoric  acid  with 
charcoal.  The  decompofition  of  this  acid  by  carbon, 
agrees  with  it's  formation  in  proving  it  to  be  compofed 
of  0,39  of  phofphorus,  and  of  0,6 1  of  oxygen.  Phof- 
phorus cannot  be  combined  with  this  acid  directly,  either 
in  the  cold  or  by  heat ;  yet  this  acid  feems  to  unite  with 
a  greater  quantity  of  phofphorus,  in  order  to  become 
phofphorous,  acid;  but  this  is  only  by  uniting  a  little 
oxygen  to  the  phofphorus  at  the  moment  of  it's  burning, 
and  not  by  adding  immediately  more  phofphorus  to  the 
phofphoric  acid.  Sulphur  has  no  action  upon  it,  nor  is 
the  diamond  affected  by  this  acid  when  melted  and  kept 
a  long  time  at  a  red  heat.  This  acid  forms  no  union 
with  carbonic  acid,  or  it's  gas ;  it,  however,  difunites  it 
from  moft  of  it's  combinations;  thus  it  feparates  it  from 
water,  producing  an  effervefcence  in  acidulous  waters, 
natural  or  artificial.  Water  has  a  great  attraction  for 
this  acid ;  when  in  dry  white  flakes,  it  diflblves  in  a  fmall 
quantity  of  this  fluid,  producing  a  noife  like  that  from  a 
red  hot  iron  plunged  into  water,  and  difen^ages  a  great 
deal  of  heat.  The  vitreous  acid  is  longer  in  diffolving, 
but  the  liquid  concentrated  phofphoric  acid  unites  with  it 
almoft  without  heat,  and  flowly.  Thefe  two  bodies  may- 
be united  in  all  proportions.  The  acid  lofcs  more  of  it's 
favour,  denfity,  weight,  and  ftrength,  in  proportion  to 
the  quantity  of  water  added.     The  water  is  only  fepa- 
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rated   from   this  combination  by  means  of  heat;  it  is 
much  more  volatile  than  the  acid,  which  is  concentrated 
in  proportion  to  it's  difengagcment,  in  the  form  of  va- 
pour.    The  acid,  daring  the  evaporation,  paffes  fuccef- 
frvdy   through  the   Hates  of  thick  liquid,  vifcous   fluid 
fomewhat  gelatinous,  and  glafs. 
Earthy  and       The  phofphoric  acid  forms  with  alkalis  and  earths  falts, 
the  generic  characters  of  which  are,  to  afford  no  phof- 
phorus  when  heated  with  carbon,  but  be  fufible  into  opake 
or  tranfparent  glaffes  ;  they  are  phofphorefcent  at  a  high 
temperature,  are  foluble  in  the  nitric  acid  without  effer- 
vefcence,  are  precipitated  from  this  folntion  by  lime  wa- 
ter, and  are  called  phofphats.     The  phofphat  of  potafh  is 
not  cryftallizable,  but  deliquefces,  and  affords,  with  lime- 
water,  a  precipitate  foluble  in  acids,  without  effervefcence. 
Phofphat  of  foda  is  very  cryftallizable,  efllorefces,  is  very 
fufible  before  the  blowpipe)  affording  an  opake  glafs  on 
cooling,  giving  the  fame  precipitate  as  the  preceding  by 
limewater,  eafily  taking   an  excefs  of  foda  3    it  is  purga- 
tive. Phofphat  of  ammonia  is  cryftallizable,  decompofed 
by  heat,  which  melts  it  into  a  transparent  acid  glafs  ; 
it  affords  phofphorus    with  carbon.     Phofphat  of  foda 
and  ammonia;  this  exifts  in  animal  fluids,   is  very  cryf- 
tallizable, affording  by  lime  an  infoluble  precipitate  and 
an  ammoniacal  vapour  at  the  fame  time.     Phofphat  of 
magnefia  is  cryftallizable,   has  a  fweetifh  tafte,  very  little 
foluble,   uniting,  although    very  neutral   and   faturated, 
to  ammonia,  into  a  fort  of  triple  fait ;  it  exifts  in  human 
urine.     P.   ammoniaco-magnefian  is  very  little  foluble, 
without  favour,  often  depoiited  in  human  vefical  calculi, 
in  the  form  of  white  fpathic  ilrata,   affording  an  ammo- 
niacal vapour,  and  magnefia,  by  the  contact  of  cauftic 
alkalis.     P.  of  glucen  is  fweetifh  to  the  tafte,  and  affords, 
by  means  of  lime,  a  precipitate  foluble  in  carbonat  of 
ammonia.     P.  of  alumin  is  of  a  thick  and   gelatinous 
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confidence,  and  yields  a  precipitate  to  all  the  bail's,  which 
is  rediflblved  by  cauftic  alkalis.  P.  of  (ilex  is  in  a  vitreous 
ftate  refembling  a  gum,  is  infipid  and  infoluble,  only  be- 
coming foluble  in  acid  after  having  been  melted  in  four 
times  it's  weight  of  alkali.  P.  of  lime  is  infoluble  and 
infipid,  forming  a  kind  of  porcelain  when  expofed  to  a 
great  heat,  exifting,  in  it's  natural  ftate,  in  the  form  of 
ftones,  and  fometimes  cryftallized ;  it  is  infoluble  in  phof- 
phoric  acid,  and  paflfes  to  the  ftate  of  acidule  by  the 
other  acids.  Acidulous  P.  of  lime  is  four  to  the  tafte, 
is  in  the  form  of  fcales  refembling  mother  of  pearl,  is 
infoluble,  and  not  to  be  decompofed  by  acids.  P.  of 
firontian  is  infoluble,  it  reddens  the  flame  of  the  blow- 
pipe, and  is  decompofed  by  lime  and  barytes.  The  com- 
ponent parts  of  the  phofphats  are  as  follow  : 
Phofphat  of  flrontian    —    Phofphoric  acid      -      4 1 .2 

Strontian     -     -     -      58.7  6 
of  lime       —       p.  a.        -       -       -      41. 
Lime     -  5Q. 

acid  of  lime      —     p.  a.       -       -       -       54. 
Lime      -       -       -       46. 
offoda  and  amnion,  p.  a.       -       -       -       32. 
Soda       -  24. 

Ammonia      -       -       ig. 
Water     -       -       -      25. 
No  metal  can  unite  with   the  phofphoric  acid  in  it's  Metals  and 
metallic  ftate ;  the  acid  undergoes  no  change  with  metals  L^. p ''° 
at  any  temperature.     Several  of  them,  however,  acquire, 
by  the  addition  of  this  acid,  the  property  of  decomposing 
water,  and  of  difengaging  the  hydrogen  from   it  in  the 
form  of   gas,   abforbing  it's  oxygen.     On  heating  the 
moil  combuftible  metals  with  the  vitreous  phofphoric 
acid,  although  none  of  them  has  really  more  attraction 
for  the  oxygen  than  phofphorus  had,  there  is,  however, 
by  means  of  a  double  attraction,  a  formation  of  oxyd 
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and  metallic  phofphorus.  To  obtain  this  kind  of  com- 
position, three  parts  of  metal,  with  one  of  concrete  phof- 
phoric  acid,  are  to  be  ftrongly  heated  in  a  crucible  ;  this 
laft  disappears  entirely,  and  inftead,  the  metal  is  found  in 
part  oxydated,  and  in  part  combined  with  phofphorus  ;  for 
the  quantity  of  metal  being  greater  than  what  is  necefTary 
to  abforb  all  the  oxygen  contained  in  the  acid  ;  a  part  of 
this  metal  acts  on  the  oxygen  of  the  acid,  whilft  the 
other  acts  on  the  phofphorus ;  and  hence  an  oxyd  and  a 
metallic  phofphorus  arife.  The  phofphoric  acid  com- 
bines eafily  with  moil  metallic  oxyds,  with  which  it 
forms  falts  fufible  in  the  fire,  very  little  foluble  in  water, 
but  foluble  in  the  phofphoric  acid,  fome  of  which  are 
cryftallizable  on  cooling,  after  fufion.  The  greater  part 
heated  with  charcoal  afford  phofphorus  or  metallic  phof- 
phures. 

Silver.  The  phofphoric  acid  precipitates  filver  from  it's  nitric 

folution,  and  unites  with  the  oxyd/forming  the  phofphat 
of  filver.  This  is  thick,  heavy,  and  of  a  white  colour, 
melts  by  a  great  heat  into  a  greenifh  or  olive-coloured 
enamel,  according  as  it  is  more  or  lefs  heated.  This 
phofphat  is  infoluble  in  water,  but  diffolves  in  an  excefs 
of  phofphoric  acid.  Treated  with  charcoal  in  a  retort,  it 
affords  a  little  phofphorus,  and  is  in  great  part  reduced  to 
a  phofphure  of  filver,  containing  from  0,15  to  0,20  of 
phofphorus. 

Copper.  This  acid  is  not  decompofed  by  copper,  but  on  remain- 

ing fome  time  upon  this  metal,  it  aflifts  it's  oxydation 
either  by  the  water  or  air,  and  forms  phofphat  of  copper, 
which  is  very  little  foluble.  It  is  immediately  obtained 
by  pouring  folutions  of  alkaline  phofphats  into  mofl  of 
the  mineral  falts  of  copper;  a  double  decompofition  takes 
place  ;  the  phofphoric  acid  unites  with  the  oxyd  of  cop- 
per, and  forms  a  precipitate  of  greenifh  coppery  phofphat, 
nearly  infoluble.     It's  properties  have  not  been  examin- 
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ed ;  heated  however  with  charcoal  in  a  crucible,  it  affords 
a  brilliant  grey  phofphure  of  copper. 

If  acid  combines  very  flowly  with  iron,  it  however  at  iron. 
Jaft  oxydates  it,  and  forms  a  phofphat  of  iron,  which  is  an 
infoluble  fait.  It  may  be  prepared  by  pouring  folutions 
of  alkaline  phofphats  into  thofe  of  fulphat,  nitrat,  or 
muriat  of  iron,  when  a  double  exchange  takes  place.  The 
precipitate  or  phofphat  is  white.  It  is  eafily  reduced  by 
red  hot  charcoal  into  a  metallic  phofphure.  As  urine  is 
found  to  a£t  upon  iron,  this  metal  ought  not  to  be  expof- 
ed  to  places  where  this  fluid  is  conftantly  met  with,  as 
the  phofphoric  acid  it  contains  corrodes  it. 

It  only  attacks  lead  very  (lowly,  and  converts  it  by  de-  Lead, 
grees  into  an  infoluble  white  phofphat.  Alkaline  phof- 
phats  likewife  on  being  mixed  with  nitrat  of  lead,  or  with 
the  muriat  by  heat,  form  it.  This  phofphat  of  lead,  which 
appears  to  become  foluble  by  excefs  of  phofphoric  acid, 
and  even  by  other  acids,  is  fufible  in  the  fire,  and  on 
cooling  forms  regular  polyedrons.  It  is  decompofed  by- 
red  hot  charcoal,  which  converts  it  into  phofphorus  and 
lead,  whilft  itfelf  becomes  carbonic  acid.  The  fulphuric, 
nitric,  and  muriatic  acids  decompofe  it  in  the  moift  way, 
by  which  the  acid  is  feparated  j  alkaline  carbonats  alfo 
decompofe  it. 

It  has  fcarcely  any  action  upon  tin  in  a  liquid  form,  Tin. 
and  in  the  cold.  Soluble  phofphats  poured  into  muriat 
of  tin  afford  a  precipitate  of  phofphat  of  tin.  Vitreous 
phofphoric  acid,  treated  with  half  it's  weight  of  tin,  is 
decompofed  ;  on  one  fide,  vitrified  phofphat  of  tin  is 
formed  ;  on  the  other,  phofphure  of  tin.  Pelletier  firft 
made  this  known. 

This  acid  diluted  forms  with  zinc  a  phofphat  in  the  Zinc. 
form  of  a  white  powder;  hydrogen  gas  is  difengaged  from 
the  water.     It  is  alfo  obtained  as  a  white  precipitate, 
when  the  phofphats  of  potafh,  foda,  or  ammonia  are 
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added  to  a  folutlon  of  thefulphat,  nitrat,   or  muriat  of 
zinc.     This  metal  ftrongly  heated  with  vitreous  phof- 
phoric  acid,  reduces  a  portion  of  it  to  phofphorus,  and 
forms  with  it  a  phofphure  of  zinc. 
Quicksilver.     This  acid,  although  it  has  no  effect  on  quickfilver,  unites 
to  it's  oxyd.     This  union  however  is  not  well  accom- 
plifhed  but  by  precipitating  nitrat  of  mercury  by  a  folu- 
tion  of  the  alkaline  phofphat,  when  an  infoluble  white 
precipitate  of  mercurial  phofphat  is  formed.     Moft  ani- 
mal fluids  afford  this  fait  mixed  with  mild  muriat  of  mer- 
cury, by  means  of  nitrat  of  mercury.     This  phofphat  is 
luminous  and  phofphorefcent  when  rubbed  in  the  dark  ; 
expofed  to  heat,  efpecially  with  a  little  charcoal,  phof- 
hporus  is  produced. 
Manganefe.      it  does  not  act  on   manganefe,  and  only  diffolves  it's 
oxyds  with  difficulty;  the  phofphat  of  manganefe  is  ob- 
tained by  pouring  a  folution  of  alkaline  phofphat  into  that 
of  nitrat  or  muriat  of  manganefe. 
Nickel.    v      jj.  kas  on|y  a  Weak  attraction  for  the  oxyd  of  nickel  ; 
the  folution  is  fcarcely  greenifb,  and  affords  no  cryftals. 
Cobalt.  It  diffolves  the  oxyd  of  cobalt,  and  forms  a  reddiih  li- 

quor which  becomes  turbid,  and  is  depofited  when  the 
acid  is  faturated.  * 

Uran.  United  to.the  oxyd  of  uran,  it  forms  flakes  of  a  yellow- 

ifh  white  colour,  very  little  foluble  in  water. 
Titan  It  precipitates  the  oxyd  of  titan  from  acids,  in  the  form 

of  a  white  powder. 

Such  is  the  account  that  Fourcroy  gives  of  the  action 
of  this  acid  upon  faline  bodies  and  metallic  fubftances, 
by  which  it  appears  how  weakly  it  affects  metals,  on  ac- 
count of  the  ftrong  adherence  of  their  principles.  By 
expofing  them  however  to  a  great  heat,  towards  the  end 
of  the  procefs,  phofphorated  hydrogenous  gas  is  extricat- 
ed. Metallic  phofphats  are  heavy  and  decompofable  by 
feveral  acids.     If  the  vitreous  acid  be  itrongly  heated  with 
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metals,  the  lad  by  depriving  it  of  a  portion  of  it's  oxy- 
gen form  two  combinations  at  the  fame  time,  viz.  phof- 
phats  and  metallic  phofphures. 

Some  of  the  earthy  and  alkaline  phofphats  exift  in  Prop«-ti«« 
abundance  in  foffils,  a  greater  number  in  animal  fluids,  and  alkaline 
feveral  in  vegetable  matters,  but  the  greateft  quantity  ispi°r  aLi" 
the  creation  of  art  alone.  Some  of  them  were  known  to- 
wards the  middle  of  the  18th  century,  for  before  this 
time  they  had  been  confounded  with  muriats.  They  are 
formed  by  the  phofphoric  acid,  and  are  kept  in  clofe  bot- 
tles. They  are  in  general  cryftallizable,  their  favour  often 
faline,  mild  and  frefh,  very  much  like  muriats,  and  feve- 
ral chemifts  regard  them  as  the  heavieft  of  falts.  Light 
lias  no  action  upon  them  5  all  are  fixed  in  the  fire,  eafily 
fufed  to  a  glafs,  fometimes  tranfparent,  fometimes  opake; 
mod  emit  on  perfect  fulion,  or  even  before  any  fufion,  a 
light,  a  fplendour  or  phofphoric  flame,  particularly  be- 
fore the  blow  pipe  upon  charcoal,  although  in  general 
this  character  is  weak;  by  this  means,  the  greater  num- 
ber only  lofe  their  water  during  fufion  and  preferve  their 
faline  nature.  Oxygen  or  azot  has  no  effect  upon  them, 
hence  whatever  arifes  from  the  contact  of  the  air  is 
from  the  water.  Some  undergo  no  ehange  in  it,  others 
effloreice  and  lofe  their  cryftalline  form,  whilft  others  at- 
tract a  flight  humidity.  Although  the  phofphoric  acid 
is  decompofed  by  hydrogen  and  carbon  heated,  or  red 
hot,  and  gives  up  it's  oxygen,  converting  them  into  wa- 
ter and  carbonic  acid,  yet  thefe  two  fubftances  have  no 
effect  upon  phofphats  at  any  temperature  ;  the  only  ex- 
ception is  perhaps  the  phofphat  of  ammonia,  and  this  is 
only  apparent,  for  it  has  loft  it's  ammonia  when  this  takes 
place.  Phofphorus,  fulphur,  and  the  metals  have  no 
effect  upon  phofphats,  and  if  metals  are  in  fome  degree 
changed  by  thefe  falts,  it  is  to  be  attributed  to  their  wa- 
ter of  cryftallization,  or  fohuion.    Thefe  phofphats  are 
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cither  very  foluble  or  almoft  entirely  infoluble,  mofl  oi 
the  flrft  are  fo,  more  from  the  heat,  and  cryftallize  on 
cooling ;  the  fecond  are  always  in  powder,  although  na- 
ture  fometimes  prefents  them   cryftallized  ;  hence   the 
fecret  of  their  folution.     All  metallic  oxyds  combine  with 
phofphats  by  heat,  and  produce  coloured  vitrified  com- 
pounds of  different  colours,  ufed  in  the  arts ;   thefe  are 
produced  either  before  the  blowpipe  or  in   a  crucible. 
Some  acids  have  a  remarkable  effect  upon  them  ;  the 
fulphuric  decompofes  the  greateft  number,  and  only  a 
part  of  thofe  capable  of  being  acidules ;  the  phofphoric 
unites  with  fome,  and  converts  them  into  acidulous  phof- 
phats ;  the  nitric  decompofes  nearly  all,  and  the  folution, 
always  acid,  contains  nitrats  and  phofphoric  acid,  or  ni- 
trats  and  acidulous  phofphat  with  refpect  to  thofe  it  only 
decompofes  in  part ;  the  fame  with  the  muriatic ;  the  ful- 
phurous,  nitrous,  phofphorous,  fluoric,  boracic,  and  car- 
bonic have  no  effect.     It  is  by  their  decompofition,  by  the 
fulphuric,  nitric,  or  muriatic  acids,  that  their  exact  ana- 
lyfis  and  proportion  of  their  parts  is  known ;  for  as  the 
phofphoric  acid  is  eafily  known  when  feparated,  the  kind 
of  fait  is  eafily  difcovered.     Earths  capable  of  vitrification 
eafily  unite  with  thofe  falts  by  fufion  into  various  kinds 
of  glafs,  or  enamels  more  or  lefs  opake,  by  forming  triple 
combinations;    other   bafes  are  differently  affected   by 
phofphats,  according  to  the  nature  and  peculiar  attrac- 
tions they  have  to  the  phofphoric  acid.    Such  is  the  ac- 
count of  this  acid  and  it's  effects  on  bodies  as  given  by 
Fourcroy. 
The  iihof-        On  examining  authors  who  have  publifhed  their  ex- 
ufeTprevi-  periments  on  the  different  combinations  of  the  phofpho- 
ous  to  the    rjc  acj(j  w\ih  other  fubfiances,  it  is  often  difficult  to  know 

diftin£hon  r  r  i  r 

between  whether  they  are  fpeaking  of  phofphats  or  phofphites,  as 
andphof-0  tney  nave  rarely  explained  what  kind  of  acid  they  made 
phorous      ufe  0^  ancj  tjie  mapner  how  obtained  it  3  from  this  arifes 
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the  different  refults  chemifts  have  met  with  in  their  ex- 
periments. On  tlefcribing  therefore  the  action  of  this 
acid  on  other  bodies.,  and  in  giving  an  account  of  it's 
hiftory,  that  acid  of  phofphorus  is.fuppofed  to  have  been 
ufed  that  was  employed  before  any  diflinction  was  made 
between  the  phofphoric  and  phofphorous  acids,  or  at  leafi 
before  it  was  attended  to  by  the  generality  of  chemifts. 

We  are  informed,  that  when  this  acid  is  melted  with 
gold  leaf  a  purple  fcoria  is  produced,  it  changes  red  pre- 
cipitate to  yellow  and  white,  and  by  long  digeflion  to 
black ;  it  completely  diflblves  white  arfenic,  but  not  the 
regulus.  It  diflblves  zinc  perfectly ;  the  folution  exhales  a 
fetid  fmell,  but  yields  no  cryflals  on'evaporation;  a  gummy 
mafs  remains,  which,  on  fufion,  becomes  a  tranfparent 
glafs.  It  diflblves  the  regulus  of  antimony,  and  more 
readily  it's  precipitate  by  fixed  alkali,  and  the  combina- 
tions with  this  metallic  fubftance  are  alfo  eafily  vitrefci- 
ble  by  heat.  It  attacks  bifmuth  and  it's  calx.  With 
regulus  of  manganefe  it  forms  a  red  Solution,  and  the 
fame  with  it's  calx,  which  however  becomes  white  on  ex- 
pofure  to  the  air.  When  this  acid  is  treated  with  me- 
tallic fubftances  in  the  dry  way ,  it's  action  is  more  power- 
ful, and  with  tin,  lead,  and  efpecially  iron  and  zinc,  it 
forms  phofphorus.  With  refpect  to  it's  effects  on  me- 
tallic folutions,  it  precipitates  gold  from  it's  folution  in 
it's  metallic  ftate,  and  filver  Iikewife.  A  folution  of  mer- 
cury yields  a  copious  white  precipitate,  which,  according 
to  Margraaf,  rediflblves  on  ftanding.  With  iron,  the 
phofphoric  acid,  after  having  eafily  diflblved  it,  forms, 
when  in  a  large  proportion,  a  cryftallizable  fait ;  and  with 
a  lefs  proportion,  a  compound  infoluble  in  water,  but  fo- 
luble  in  acids;  the  folution  is  accompanied  with  efFer- 
vefcence  and  difengagement  of  hydrogen  gas.  When  the 
folution  of  iron  in  this  acid  is  diluted  confiderably  with 
water,  even  although  the  acid  abounds,  a  precipitate  falls 
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cither  immediately,  or  after  fome  expofure  to  the  air* 
This  precipitate  is  of  a  blueifh  colour,  is  infoluble  in  wa- 
ter, but  is  changed  by  it  to  a  green.  This  folution  of  iron 
when  precipitated  by  a  fixed  alkali  gives  a  white  powder* 
which  afterward  becomes  green  ;  by  the  pruffian  alkali, 
a  blue  powder:  and  by  infufion  of  galls  a  black  fediment. 
Thefe  precipitates  are  not  mere  calces  of  iron,  but  contain 
fome  portion  of  the  acid ;  particularly  the  powder  that 
is  depofited  merely  by  dilution  with  water,  or  by  expofure 
to  the  air,  is  a  perfect  compound  of  phofphoric  acid  and 
iron.  According  to  Weftrumb  it  has  a  ftronger  affinity 
to  zinc  than  to  any  other  metallic  fubftance. 

The  phofphoric  acid  has  when  concentrated  a  ftrong 
action  on  oils;  it  at  firft  difcolours  them,  and  at  length 
blackens  or  carbonizes  them  ;  producing  heat  and  a 
ftrong  fmell,  like  that  of  a  mixture  of  ether  and  oil  of 
turpentine ;  but,  according  to  Ker,  it  does  not  form  a 
true  foap,  which  property,  according  to  Cornette,  is  pe- 
culiar to  the  vitriolic  acid.  It  has  mod  effect  on  ejfentlal 
eilsy  lefs  on  drying  oi/s,  and  lead  of  all  on  fat  oils.  In  fpi- 
rit  of  wine  it  is  faid  by  fome  to  be  foluble,  by  others  not. 
It's  action  on  animal  and  vegetable  fubftances  is  more  or 
lefs  lively,  according  to  it's  degree  of  concentration,  and 
deprived  of  all  humidity  that  it  has  received  by  deliquef- 
cence,  it  is  (till  capable  of  deftroying  in  time  their  tex- 
ture and  colour. 

Prieftley  attempted  to  convert  the  acid  into  a  ftate  of 
gas,  but  he  found  that  at  the  common  temperature  of  the 
atmofphere  it  was  recondenfed,  without  having  under- 
gone any  change.  In  a  concrete  cryftalline  form,  de 
Trudaine  found,  that  it  only  melted  in  the  focus  of  a 
burning-glafs,  when  placed  on  a  piece  of  charcoal,  which 
>lacquer  attributes  to  the  facility  with  which  light  tra- 
verfes  tranfparent  bodies.    Berniard  has  announced*  from 
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the  obfervation  of  Cornus,  that  phofphoric  glafs  has  the 
property  of  being  the  mod  electric  of  all  known  glalleS. 

Miftakenfor  other  acids.— Boyle  appears  to  have  looked  *£&%£* 
upon  the  phofphoric  acid  as  being  the  muriatic,  and  lien-  other  acids. 
kel  and  Stahl  confidered  it  as  a  modification  of  the  mu- 
riatic acid  brought  about  by  phlogifton.     This  opinion 
was  founded  on  the  circumftance,  that  urine,  from  which 
phofphorus  was  obtained,  contained  both  thefe  fubftanceS 
in  great  abundance ;  and  when  common  fait  was  placed 
upon  burning  coals,   a  vivid  blueifli  flame  arofe,  fimilar 
to  that  from  phofphorus  :  this  hypothecs  has  been  aban- 
doned fince  the  experiments  of  Margraaf,  who  endea- 
voured by  all  poflible  means  to  form  the  combination, 
bat  without   fuccefs  ;    he,   however,   out   of  refpecl  for 
Stahl's  opinion,  feems  not  entirely  to  have  denied,  that  it 
might  be  of  the  nature  of  the  muriatic  acid,  but  not  in 
it's  pure  (late.     Tie  thought  it  perhaps  might  be  the  fame 
acid,  but  united  in  a  peculiar  way  to  a  very  tender  glacial 
earth.    Other  writers,  as  Hoffmann,  Wenzel,  Vogel,  and 
Pcerner  were  of  opinion,  that  the  phofphoric  acid  is  com- 
pofed  of  the  vitriolic  and  muriatic  acids  >  but  as  thefe 
two  acids  could  not  be  produced  by  the  decompofition  of 
the  phofphoric  acid,  nor  the  phofphoric  acid  produced  by 
the  composition  of  them,  it  began  to  be  confidered  as  a 
peculiar  acid.     Bofc  d'Antic,  as  well  as  Sage,  thought 
it  contained  the  matter  of  the  fluor,    aerial,  and  urinous 
acids;  even  Sage  carried  it  ftill  farther,  and  raifed  this  acid 
to  the  honour  of  the  original   and  elementary  acid.     He 
thought  he  could  trace  it  in  fixed  alkalis  and  in  metallic 
calces,  and  confidered  it  as  the  fole  principle  of  vitrifica- 
tion.    This  chemilt,   however,  wanted  facls  to  fupport 
his  affertions.     Macquer  attributes  to  it  the  nature  of  fe- 
dative  fait  and  white  arfenic  :   thus,  he  fays,  that  fedative 
fait,  in  many  cafes,  takes  place  of  an  acid,  without  open- 
ly mowing  acid  properties;  it  unites  with  alkalis,  fati'- 
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rates  them,  and  changes  them  into  neutral  falts.     In  the 
fire,  it  is  fixed,  and  melts,   like  the  phofphoric  acid,  into 
a  glacial  matter;  and  .laftly,  it  precipitates,  like  it,  neu- 
tral falts  from  their  mixtures.     With  refpect  to  arfenic, 
it  is  not  fo  fixed  as  the  phofphoric  acid,  and  only  decom- 
pofes  fait  petre ;  but  it  is  as  much  difpofed  to  vitrify  as 
this  acid,  and  as  to  it's  fmell,  it  perfectly  refembles  that 
of  phofphorus.     With  refpecl:,  however,   to  it's  power 
of   promoting  vitrification,    Ker   obferves,   it  is  by  no 
means  peculiar  to  thefe  acids  and  alkalis.     The  marine 
acid  exerts  it  very  confpicuoufly  upon  clay,  in  thofe  pot- 
teries where  the  glazing  is  given  by  marine  fait  vola- 
tilized by  heat,   in  which  operation  the  effect  is  greater 
than  the   alkali  alone  of  the  fait  could  produce;  whilft 
from  Pott's   experiments,  the  greater  fufibility  of  gyp- 
fum,  when  mixed  with  other  earths,  than  pure  calcare- 
ous earth,  (hows  the  verifiable  powers  of  the  vitriolic 
acid;  and  this  power  is  ftill  more  confpicuous  in  the 
acid  of  fluor;  hence   the  idea  of  Macquer  is  likewife 
falfe. 
Compofi-        From  the  procefTes  of  obtaining  the  phofphoric  acid 
adds.         fr°m  phofphorus,  it  appears,  that  it  confifts  of  phofpho- 
rus united  with  the  pure  air  of  the  atmofphere,  which  it 
abforbs,  and  by  which  it's  weight  is  considerably  aug- 
mented.    If  the  operation  be  performed  ilowly,  not  only 
the  pure  part  of  the  atmofpheric  air  is  abforbed,  but  alfo 
a  fufficient  quantity  of  moiflure  is  attracted  to  produce  a 
liquid  acid.     If,  however,  the  operation  be  performed  in 
a  vefTel  filled  with   pure  air,   confined  by  mercury,  and 
particularly  placed  in  a  hotter  temperature,  white  fumes 
will  arife,  and  light  flocks  will  float  in  the  air,  and  attach 
themfelves  to  the  fide  of  the  vefTel.     This  is  a  concrete 
acid,  which  foon  attracts  moiflure  when  expofed  to  the 
atmofphere  and  deliquefces. 

Hence  the  phofphoric  acid  is  compofed  like  all  the 


X 


ACIDS.  Ill 

other  acids,  u  e.  of  a  radical  or  peculiar  acidifiable  bafis, 

and  vital  air,  which  is  the  common  acidifying  principle. 

Scheele,  having  enclofed  a  piece  of  phofphorus  in  a  phial 

the   capacity  of  which  equalled  feven  ounces  of  water.  Great  dimi- 

filled  with  vital  air,  and  having  applied  fome  heat  to  it  by  """^^ 

means  of  a  candle,  found  that  the  external  air  prefTed  fo  g'i<»t  heat 

'  i  •  •  from  the 

ftrongly  on  the  ftopper,  that  he  was  obliged  to  put  it  un-  produce  of 
der  water.  Another  time,  the  fame  chemift  obferved,  that ttieaci  ' 
nine  grains  of  phofphorus  placed  in  a  glafs  vefTel,  fealed 
hermetically,  the  capacity  of  which  was  equal  to  30  ounces 
of  water,  had  diminifhed  the  common  air  during  the  com- 
buflion  about  9  oz.  by  meafure.    According  to  Kirwan,  it 
is  a  circumflance  worthy  of  great  attention,  that  the  air 
is  much  more   diminifhed  by  phofphorus  than  by  any 
other  combuftible   fubftance  ;  but  Morveau  thinks  that 
this  difference  cannot  be  attributed  to  the  greater  degree 
of  heat  produced,  fince  this  heat  is  itfelf  the  effect  of  a 
greater  diminution  or  decompofition  of  vital  air;  but  he 
thinks  with  Scheele,  that  the  reafon  of  the  abforption 
being  here  more  confiderable,  arifes  from  the  combuftion 
not  being  disturbed,  as  in  other  fimilar  experiments,  by 
the  vapours  dilated  by  the  heat,  and  which  furround  the 
flame. 

According  to  the  experiments  of  Lavoifier,  confirmed 
by  thofe  of  de  la  Place,  45  grains  of  phofphorus  ab- 
forbed,  on  burning  65,  6*2  grains  of  vital  air,  and  in  the 
formation  of  the  phofphoric  acid,  one  part  of  the  phof- 
phorus combines  with  1  J  of  vital  air,  Thefe  learned 
academicians  obferved,  that  the  heat,  difengaged  by  the 
vital  air,  when  it  was  abforbed  by  phofphorus,  was 
nearly  2  \  greater  than  when  it  was  changed  into  fixed 
air. 

It  remains  now  to  know  what  is  the  bafis  which  phof- 
phorus furnifhes  in  the  formation  of  the  acid,  to  the 
acidifying  principle.      According  to  the  principles   of 
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J^addify-  Stall!,  when  reconciled  to  the  moft  modern  difcoverics,  it 
ingprinci-   js  a  peculiar  fubftance  of  it's  own  kind,  which,  by  it's 
union  with  phlogifton,  conltitute?  phofphoru's.     Lavoi- 
fier,  on  the  contrary,  has  laid  it  down  to  be  the  phofpho- 
rus  itfelf,  which,   uniting  with  the  Oxygen    of  the  air 
forms  the  acid,  which  is  now    the    generally  received 
opinion. 
PTiofphoric       The  phofphoric  acid  was  formerly  thought  peculiar  to 
in  all  the      animal  fubftances ;  but  Margraaf  found  it  alfo  in  the  ve- 
m^dorns.    getaD|e  kingdom,  and   was  able  to  obtain  phofphorus  by 
diftilling  wheat,  muftard  (c^d,  and  other  vegetable  mat- 
ters ;  and  Gahn  difcovered  it  in  the  ore  of  lead ;  hence 
it's  exigence  has  been  found  in  all  the  three  kingdoms. 
With  refpeel:  to  the  ani7na\  there  is,  peihaps,  no  part  of 
animal  bodies  free  from  it.     It  was  obferved  particularly 
to  exift  in  urine,  partly  united  with  foda,  partly  with  vo- 
latile alkali,   and  partly  with   calcareous  earth.     Scheele 
and  Berthollet  found,   that  it  alfo  exitled  in  this  animal 
fluid,  in  a  difengaged  ftate,  and  that  it  betrays  it's  pre- 
fence  in  recent  urine  by  it's  effect  on  the  colour  of  lit- 
mus. Homberg  found  if  in  blood.     It  is  found  in  large 
quantity  in  bone,    which    Gahn  difcovered    in     176o. 
Scheele  found  it  in  flags'  horns;  Maret,  in   flefh;   and 
Prouft  found  the  frefh  decoction  of  Mem  to  redden  turn- 
fole  from    this   acid.      Crell    found    it   in  ox    fuet    and 
human   fat;  Hankewitz,    in  human   excrements;  Lei- 
den, Henfchen  and    Andrea,    in  old  cheefe;    Berthol- 
let,   in   fweat;    Hohenholz,    in  crabs    eyes;    Marquis 
de  Bouillon,  in  fifh  bones.     Crell  has  extracted  it  from 
beef  fuet  and  human  fat ;  Macquer  and  Struve,  from 
the  gaftric  juice  ;  Henchel  faw  it  in  the  fweat ;    Berniard 
got  it  from  egg  fhells ;  and   Hatchett,  from  other  {hells 
of  different  kinds.     In  the  vegetable  kingdom,  Albinus, 
Lauth,  Hoffmann,  and  Pott,  had  long  ago  mentioned  it's 
exiitence ;  and  Margraaf,  as  before  obferved,  in  muftard 
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feed  ;  Meyer  found  It  in  the  green  refinous  part  of  leaves, 
to  which  he  attributes  the  colour;  and  Berthollet,   in 
thofe  plants  which  yield  volatile  alkali,  where  he  thinks 
it  chiefly  refides.     Haffenfratz  obtained   it   from   pota- 
toes, agaric,  foot,  and  woods  of  different  kinds,  and  from 
marfliy   plants,   charcoal   and   foflil   coal.       Weftrumb 
likewife  obtained  it  from  charcoal  in  the  following  man- 
ner.    He  phlogifticated  a  fixed  alkali   by  melting  it  with 
charcoal,  to  which   he  added  fome  fal  ammoniac.     The 
lixivium  of  this  alkali  he  fatnrated  with  vitriolic  acid, 
and  added  to  it  a  folution  of  iron  in  marine  acid,  upon 
which  a  precipitate  was  formed,  confiding  of  phofphoric 
acid  and  iron.     In  the  mineral  kingdom,  after  Gahn  had 
found  it  in  lead,  Proud  announced  that  it   would  be  in 
other  metallic  bodies,   and  it  was  found  in  the  marfliy 
ores  of  iron  by  Meyer,  Stettin  and  Bergman,  forming 
with  the  iron  the  compound  called  fiderite,  to  which 
has  been  attributed  the  cold-fliort  quality  of  iron  \  by 
Klaproth,  in  a  fpecies  of  beril  called  by  Werner  apatit, 
in  which  the  acid  is  united  with  calcareous  earth.     Haf- 
fenfratz  attributes  the   phofphoric  acid  found  in  marfliy 
ores  of  iron  to  the  aquatic  plants  and   animals,  in  which 
his  experiments  have  proved  the  exigence  of  that  acid  ; 
and  he  fuppofes  thefe  marfliy  ores  to  be  of  modern  date, 
and  formed  by  depofition  of  waters,   and  confequently 
replete  with  vegetable  and   animal  matter ;  but  he  never 
found  this  acid  in  thofe  ore9  which  lie  in  the  more  an- 
tient  ftrata,   as  the  magnetic,  black,  pyritous,  hepatic, 
and  fpathofe  ;  yet  he  difcovered  traces  of  it  in  call  iron, 
even  in  that  which  had  been  made  from  thefe  latter  ores  ; 
and  this  he  attributes  to  the  charcoal  employed  in  the 
fufion.     This  acid  is  likewife  an  ingredient  in  the  forma- 
tion of  mountains.     Thus  Bowles  has  defcribed  a  large 
native  mafs  of  a  phofphoric  ftone,  of  which  many  hills 
are  eompofed,  near  Lagrofo,  a  village  in  Eftremadura,  a 

VOL.  II.  I 


113 


1U  ACIDS. 

province  of  Spain.  He  informs  us,  that  this  ftone  id 
whitifh,  and  without  tafte,  and  that  it  gives  a  blue  flame 
without  fmell,  when  thrown  on  hot  coals.  Prouft  fur- 
ther defcribes  this  ftone  as  denfe,  not  hard  enough  to 
ftrike  fire  with  fteel,  and  fays  it  appears  in  ftrata,  which 
always  lie  horizontally  upon  quartz.  When  this  ftone 
is  fcattered  upon  burning  coals  it  docs  not  decrepitate, 
but  burns  with  a  beautiful  green  light,  which  lafts  a  con- 
liderable  time  5  and  in  this  refpect,  it  is  not  unlike  the 
£uor  fpar,  the  light  of  which,  however,  is  more  blue  and 
Iefs  durable.  With  the  vitriolic  acid  it  forms  a  felenite, 
while  the  remaining  liquor  is  the  phofphoric  acid,  (mil- 
iar to  that  obtained  by  diflblving  bones  in  the  vitriolic 
acid.  Hence  the  ftone  is  a  calcareous  phofphat. 
It's  origin.  as  tne  phofphoric  acid  is  found  in  each  of  the  three 
kingdoms,  the  great  queftion  is  to  know  from  which  it 
derives  it's  origin.  Margraaf  having  difcovered  it  in 
vegetables,  thought  it  was  formed  there,  and  thence 
conveyed  into  animals.  Ker  is  of  opinion,  that  as  it 
exifts  more  copioufly  in  animals  than  in  vegetables,  and 
as  acidification  confifts  in  the  union  of  air  with  fome  in- 
flammable matter,  which  procefs  is  manifeftly  carried  on 
in  the  lungs  of  animals,  where,  by  refpiration,  pure  air 
is  continually  abforbed,  and  combined  with  the  moft  dif- 
engaged  inflammable  matter  it  can  find  in  the  blood  ;  it 
is  not  improbable,  that  it  may  be  formed  alfo  in  the  bo- 
dies of  animals,  and  that  as  large  quantities  are  continu- 
ally carried  oft  from  them  in  their  excretions,  he  conjec- 
tures, it's  formation  and  fubfequent  excretion  are  a  mode 
employed  by  nature  to  carry  off  the  phlogiftic  matter,  as 
jfoon  as  it  comes  to  a  proper  degree  of  difengagement, 
which  is  continually  evolved  in  the  animal  procefs,  and 
which,  if  not  combined,  would  caufe  immediate  death. 
It  would  appear,  that  the  phofphoric  acid  is  formed  both 
by  vegetables   and  animals,  which  are  only  degrees  of 
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the  fame  organization,  and  that  the  more  animalized  a 
body  is,  the  larger  is  the  quantity  of  this  acid  it  con- 
tains ;  it's  quantity  in  animals  is  confiderable,  where  it  is 
not  only  combined  with  foda,  lime  and  ammonia,\but 
is  alfo  in  a  difengaged  (late,  as  it  is  found  in  flefh  and 
in  urine. 

Hi/lory  cf  the  acid  of  phofphorus.  This  acid  was  un- 
known to  the  ancients.  When  it  was  firfr.  difcovered,  and 
a  long  time  afterwards,  having  been  generally  procured 
from  urine,  it  was  called  by  fome  chernifls,  the  acid  of 
urine.  But  fince  it  has  been  found  to  exift  in  other  fub- 
ftances,  and  more  particularly  in  bones ;  and  another 
acid,  which  pofTetTes  different  properties,  was  equally 
found  in  urine ;  the  name  of  .  the  acid  of  urine  has 
given  way  to  that  of  the  phofphoric  acid,  particularly 
fince  it  was  obtained  from  phofphorus  by  combuftiou. 
The  phofphoric  acid  appears  to  have  been  difcovered  the 
latter  end  of  the  feventeenth  century.  Boyle,  on  exa-  Boyle, 
mining  the  clear  liquor  which  the  flowers  of  phofphorus 
afforded,  found  by  the  tafte  that  it  was  acid  ;  it  changed 
the  firup  of  violets  to  a  fine  carnation  colour,  and  dif* 
folved  the  filings  of  copper  3  and  he  compared  it  to  the 
fpirit  of  fea  fait.  Frobenius,  on  applying  heat  to  fome  Frobenius. 
phofphorus,  obtained  from  it  a  large  quantity  of  very 
white  flowers,  and  having  admitted  air  to  them,  they 
melted  into  a  clammy  liquor,  refembling  gum  water;  by- 
heat,  they  became  hard  and  tranfparent.  He  gave  to 
thefe  the  name  of  vitrum  molle;  being  expofed  to  a 
ftrong  heat  they  became  brittle  like  glafs.  He  informs 
us  he  procured  an  acid  from  them.  Hankevitz  having  Hankevitz, 
deflagrated  fome  phofphorus,  obtained  a  quantity  of 
flowers  from  it,  and  found  they  had  gained  2  drachms 
in  weight;  thefe  being  placed  in  a  cool  fttuation  became 
difiblved  into  a  liquid  that  had  gained  ftill  more  in  weight. 
He  informs  us  likewife,  that  it  contained  an  acid  fait, 
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more  fixed  in  the  fire  than  any  (alt  then  known,  and  had 

Slare.  other  properties  peculiar  to  itfeif.     Slare  found,  that  after 

the  deflagration  of  phofphorus  no  afhes  remained,  but 
there  was  in  Head  a  little  moifture  that  tailed  fubacid,  refem- 
bling  a  weak  oleum  fulphuris  per  campanam.  It  fet  his 
teeth  on  edge,  and  difiblved  iron.  He  tells  us,  that  a 
piece  of  phofphorus  when  refolved  into  this  liquor, 
weighed  at  lead  thrice  it's  original  weight.  It  appears, 
therefore,  that  fo  early  as  between  the  years  1679  and 
IG98,  when  Boyle  and  Slare  publiflied  their  papers,  an 
acid  had  been  difcovercd  to  be  produced  by  the  fpon- 
taneous  and  artificial  combuftion  of  phofphorus;  that  it 
had  even  received  an  increafe  of  weight  during  the 
change,  and  that  it  was  to  be  obtained  in  a  concrete 
form ;  but  it  was  unknown  to  be  a  peculiar  acid,  fmcc 
known  by  the  name  of  the  phofphoric,  and  confequently 
none  of  it's  properties  had  been  examined.  Even  at  the 
time  of  Hellot,  in  1 737,  it  was  fuppofed,  that  the  deli- 
quefcence  of  phofphorus  was  only  a  real  folution  brought 
about  by  the  tenuity  of  the  aqueous  particles,  in  a  (late 
of  vapour,  and  becaufe  it's  inflammable  principle  was 
diffipated.  The  chemift  who  iirft  gave  any  fatisfaclory 
account  of  this  acid,  and  who  defcribed  it's  properties, 
was  Margraaf,  about  the  year  1743  (a  detail  of  whole 
experiments  will  be  given  hereafter). 

It  has  been  already  faid,  that  there  are  three  methods 
of  obtaining  the  phofphoric  acid,,  viz.  by  deflagration, 
flow  combuflion,  or  by  affinity  in  the  humid  way. 

Frrft  method      The  dtfia*  ration  of  fbrfplorus  is  a  lively  and  rapid  com- 

thea-id.  buftion;  and  if  this  fubftance  be  placed  in  a  veiTel  fo  that 
it  may  be  expofed,  either  naturally  or  artificially,  to  a  de- 
gree of  heat  of  about  24  degrees  of  Reaumur,  it  enflames 
with  a  kind  of  explofion ;  the  bottom  of  the  vcflel  is  found 
covered  over  with  a  flaky  white  matter,  the  weight  of 
which  is  more  than  double  that  of  the  phofphorus  kiUf, 
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which  very  readily  and  powerfully  attracts  humidity 
from  the  air,  and  is  at  laft  converted  into  an  acid  fluid,  of 
the  confidence  of  a  thin  oil  ;  and  this  is  the  phofphoric 
acid.  Without  waiting,  however,  for  the  deliquefcen  e, 
a  certain  quantity  of  water  being  poured  upon  this  refi- 
duum  foon  diflblves  it,  except  a  portion  of  yellowim 
orange  matter,  which  is  phofphorus  not  decompofed,  and 
which  remains  on  the  filter.  This  operation  by  deflagra- 
tion has  been  c!':fc:'ibed  by  Margraaf,  who  obferved,  as 
wel!  as  Hankevitz  and  Slare,  that  the  product  had  in- 
creafed  in  weight;  and  it  was  upon  the  ley  of  this  refi- 
duum,  concentrated  by  di Puliation  of  the  phlegm,  that 
he  made  his  firft  attempt  to  inveftigate  it's  combinations. 
To  obtain  the  acid,  he  deflagrated  the  phofphorus  in  a 
glafs  mortar,  which  he  placed  upon  a  glafs  or  porcelane 
plate,  gently  heating  the  laft  at  the  bottom  :  he  likewife 
placed  it  under  a  cucurbit  covered  with  an  alembic, 
making  ufe  of  a  receiver.  By  this  means,  from  one 
ounce  of  phofphorus  he  obtained,    .,  gration,  one 

ounce  and  £  of  a  drachm  of  the  acid ;  and  the  acid  thus 
prepared,  according  to  Margraaf's  procefs,  has  been 
called  the  ph:f-  boric  acid  by  deflagration.  (Acidum  phof- 
phori  per  deflagrationem). 

Lavoifier  tells  us,  that  the  method  he  ufed  to  procure  Lavoifier. 
the  phofphoric  acid  for  his  experiments  was,  to  burn  the 
phofphorus  under  a  glafs  bell  inverted  in  mercury,  by 
means  of  a  burning  lens;  a  great  abundance  of  white 
flocks  attach  themfelves  to  the  (ides  of  the  veffel,  which 
are  the  concrete  acid,  and  arealmoft  immediately  difiblved 
into  a  fluid  ftate  on  coming  into  contact  with  the  air; 
the  product  is  a  very  concentrated  and  heavy  "acid,  with- 
out odour,  and  has  the  oily  appearance  of  the  concen- 
trated vitriolic  acid.  If  the  acid  is  wanted  of  lefe 
ftrength,  this  cheipifi  has  given  a  more  eafy  and  expe- 
ditious  method :    the    phofphorus  is    deflagrated  under. 
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large  glafs  bells,  into  which  a  little  diftilled  water  has 
been  poured :  when  the  va;  ours  arifing  from  the  firft 
combuftion  are  diflipatcd,  a  frefh  quantity  of  phof- 
phorus  is  introduced  under  the  vefFel,  which  is  to  be 
deflagrated  like  the  firft,  and  the  procefs  is  thus  to  be 
continued  for  feveral  days,  until  a  fufficient  quantity  of 
phofphoric  acid  is  obtained  ;  but  although  this  procefs 
has  the  advantage  of  affording  the  acid  in  a  ihort  time, 
vet  it  holds  in  folutjon  a  pretty  confiderable  quantity  of 
pbofphorus  undecompofed,  which  alters  it's  properties. 

Wolfe  and  Wolfe  and  Pelletier  invented  a  procefs  for  obtaining 
this  acid  by  combuftion,  by  melting  this  fubftance  under 
water,  and  by  palling  a  current  of  pure  air  through  it. 

Second  me-      2^*  P^°fP^oric  acic^  ls  obtained    by  a  more  complete 

thud.  converfion  of  the   phofphorus,   on  fubmitting  the  latter 

fubftance  to  a  flow  combiiftion ;  for  if  phofphorus  be  ex- 
pofed  during  fome  weeks  to  the  ordinary  temperature  of 
the  atmofphere,  even  in  the  winter,  it  undergoes  a  flow 
combuftion,  and  is  gradually  changed  into  a  liquid  acid. 
For  this  purpofe,  it  is  ufual  to  put  fmall  pieces  of  phof- 
phorus on  the  inclined  fide  of  a  glafs  funnel,  through 
which  the  liquor,  which  is  formed,  drops  into  the  bottle 
placed  to  receive  it. 

Jfoyic.  Boyle,  having  placed  about  3  grains  of  phofphorus  in 

a  glafs  funnel,  which  he  fet  in  the  window,  it  continued 
to  fhine  for  fifteen  days,  and  there  was  left  behind  a  li- 
quor, which,  on  being  weighed,  he  found  to  have  in- 
creafed  to  three  times  it's  weight;  but  he  was  ignorant, 
as  before  obferved,  either  of  it's  being  a  peculiar  acid,  or 
of  the  caufe  of  the  increafed  weight. 

SUre.  Slare  having  expofed  half  a  grain  of  this  fubftance  in 

the  open  air,  it  continued  to  flame  feven  or  eight  days, 
and  when  it  was  extinguifhed  no  afhes  or  recrements  re- 
mained behind  except  an  acid  moifture,  of  which  he 
knew  nothing. 
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Sage  recommends  to  cover  the  orifice  of  the  funnel  into  s^e. 
which  the  phofphorus  is  put  with  a  cucurbit ;  and  as  the 
end  of  the  funnel  enters  a  bottle  into  which  the  acid  falls,  a 
fmall  glafs  tube  mould  be  placed  in  the  middle  of  the  fun- 
nel to  give  vent  to  the  air  of  the  bottle,  which  is  difplaced 
by  the  acid;  for  without  thefe  precautions,  the  phofphorus 
would  inflame  with  explofion  in  the  apparatus,  when  the 
thermometer  is  at  15°  above  the  freezing  point.  The  in- 
flammation may  take  place  even  at  a  very  inferior  degree, 
when  there  is  a  certain  quantity  of  phofphorus,  or  if  the 
pieces  of  phofphorus  touch,  or  are  too  near  each  other, 
which,  we  are  informed,  happened  once  even  in  a  cellar 
belonging  to  the  academy  of  Dijon. 

By  (low  combuftion,  Morveau,  Maret,  and  Durande, 
obtained  from  one  ounce  of  phofphorus  three  of  the 
acid,  and  when  thus  prepared,  it  has  been  called  phofpho- 
ric  acid  by  deliquefcence,  (acidum  phofphori  per  deiiquium.) 
It  is  without  odour  or  colour,  of  the  appearance  of  con- 
centrated vitriolic  acid ;  but  it  nill  retains  fome  unde- 
compofed  phofphorus,  which  is  obfervable  on  being  ex~ 
pofed  to  the  fire,  by  it's  very  acid,  white  vapours,  and 
fmall  luminous  explofions  ;  and  although  this  portion  of 
phofphorus  is  very  fmall,  yet  it  may  lead  to  error  on 
making  any  d6licate  experiments;  but  it  is  eafy  to  de- 
prive the  acid  of  it  by  diftilling  it  upon  fpirit  of  wine, 
which  does  not  volatilize  it,  and  which  takes  hold  of  the 
phofphorus. 

According  to  Morveau,  the  name  of  acid  by  deliquef- 
ance'is  very  improper;  for  it  is  not  the  water  that  de- 
compofes  the  phofphorus,  and  converts  it  to  the  ftate  of 
acid  ;  it  is  only  attracted  by  the  acid  perfectly  formed,  or 
in  proportion  as  it  is  formed,  by  a  real  combuftion,  which 
only  differs  from  the  preceding  by  being  much  more 
flow,  as  is  evident  from  the  odour  which  the  phofphorus 
does  not  ceafe  lo  exhale,  and  the  light  it  difperfes  during 
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the  whole  procefs,  and  which,  although  weak,  is  however 
fenfihle  in  the  dark.  The  air  is  therefore  the  only  agent 
of  the  decompofition.  The  acid  procured  by  means  of 
Sage's  method  by  water  may  be  deprived  of' that  fluid, 
and  brought  to  a  thick,  or  even  a  glacial  confidence,  by 
evaporation  and  diftillation. 

3d  method.  3.  With  refpeA  to  the  third  method,  or  that  by  affi- 
nity, it  is  now  well  known,  .that  phofphorus  as  well  as 
fulphur  is  fufceptible  of  pafling  into  an  acid  flate  by 
means  of  affinities  in  the  humid  way ,  without  any  inflam- 
mation either  vivid  or  flow;  but,  as  Morveau  has  expreffed 
it,  bv  a  fpccics  of  cold  combuftion  ;  thus  it  is  eafily  ob^ 
tained  by  means  of  the  nitrous  acid, 

Scheeie.  Scheele  was  the  flrft  who  obtained  the  phofphoric  ack! 

by  the  nitrous  acid;  it  was  afterwards  procured  by  Chap- 

Lavoifier.  tal ;  but  Lavoificr  has  given  a  more  convenient  form  of 
procefs,  of  which  the  following  is  an  account :  He  took 
a  tubulated  retort  containing  fix  or  feven  pints,  into  which 
he  poured  two  pounds  of  nitrous  acid,  of  a  fpecific  gravity 
to  water  as  129895  to  100000,  and  placed  it  on  a  fand 
bath;  to  this  he  adapted  a  receiver ;  he  then  applied  by 
degrees  a  heat  until  the  liquor  had  acquired  about  450„ 
and  put  into  the  retort  a  piece  of  phofphorus  of  10  or  12 
grains  in  weight,  which  immediately  fell  to  the  bottom 
of  the  liquor,  melted  like  wax,  and  produced  a  very  lively 
effervefcence :  when  the  firft  piece  was  diflfolved  he  put 
a  fecond,  then  a  third  in,  and  repeated  this  by  How  fuc- 
ceffions,  until  he  had  combined  all  the  phofphorus  he 
wifhed  to  diflblve  with  the  acid.  The  quantity  was  2  oz, 
6  or  7  drachms.  The  folution  in  the  beginning  was 
made  with  great  eafe,  fo  that  he  was  obliged  to  manage 
the  fire  left  the  effervefcence  mould  be  too  great;  but  to- 
wards the  end  the  action  of  the  acid  upon  the  phofphorus 
became  by  degrees  flower,  and  it  became  neceffary,  in 
prder  to  fupport  the  effervefecuce  and  the  folution^  to 
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raife  the  heat  to  fuch  a  degree  as  to  exceed  that  of  boiling 
water.     W  hi  1ft  only  a  drachm  or  one  drachm  and  a  half 
of  phofphorus  had  been  diflblved,  the  liquor  underwent 
no   change,  except  receiving  a  yellow   tinge  like  aqua 
regia ;   afterward  it  became  green  ;  at  the  lame  time  very- 
thick,  red  and  turbid  vapours  arofe,  which  were  only  ni- 
trous air  and  very  fuming  nitrous  acid.     Thefe  vapours, 
which  formed   a  thick  cloud,   appeared  to  fall  and   run 
from  the  orifice  of  the  retort,  like  a  liquid,  and  continued 
to  pafs  all   the  time  of  the  folution  of  the  phofphorus. 
The  products,  however,  which  patted  during  the  diftilla- 
tion   being  collected,   and  which  continued    17  or   18 
hours,  were  as  follows :  at  firft  2  drachms  24  grains  of  a 
very  weak  nitrous  acid,  nearly  white,  came  over,  and  the 
vapours  which  arofe  from  the  liquor  in  the  retort  during 
the  time  this  acid  pafled  over  were  fcarcely  coloured ;  but 
as  the  vapours  became  more  intenfe,  the  acid  which  arofe 
was  more  yellow,  and  began  to  fume ;  the  fecond  por- 
tion which  was  fet  apart  weighed  3  oz.  50  grains  ;  this 
fecond  portion  was  followed  by  a  nitrous  acid  of  a  deep 
green  yellowifh  colour,  and  more  fuming  than  the  pre- 
ceding; it  weighed  6  oz.  2  drachms:  the  nitrous  acid  ob* 
tained  afterwards  was  rather  lefs  green,  and  not  fo  fum- 
ing, it  weighed  5  oz.  5  \  drachms;  and  toward  the  end 
of  the  paffage  of  this  acid,  the  intenfity  of  the  red  va- 
pours confiderably  diminimed,  and  nothing  was  now  ob- 
tained but  white  nitrous  acid  fcarcely  fuming ;   this  fail 
portion  weighed  4  oz.  2  drachms,  6  grains.     The  liquor 
in  the  retort  was  now  entirely  faturated  with  phofphorus, 
and  the  portions  added  would  not  difTolve,  although  the 
heat  was  greatly  increafed  and  long  continued.     Having 
taken  off  the  veffcls,   there  remained  in  the  retort  13  oz. 
4  drachms  of  a  fomewhat  yellowifh  liquor,  of  an  oily 
confidence,  almoft  like  concentrated  vitriolic  acid  or  oil 
of  vitriol,  which  had  {till  a  little  of  the  odour  of  nitrous 
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acid.  To  fend  off  the  laft  remains  of  volatile  acid  it 
might  contain,  it  was  puj.  into  a  glafs  retort  clothed  with 
earth,  and  expofed  to  the  graduated  heat  of  a  reverbera- 
tory  furnace.  At  firft  a  weak  and  light  nitrous  acid  came 
over,  which  became  more  and  more  phlegmatic ;  then 
nothing  but  a  phlegm  of  a  red  colour,  fomewhat  bitter, 
that  was  no  longer  acid,  and  which  did  not  cflfervefce 
with  alkalis.  Having  dill  increafed  the  heat  a  little,  even 
fo  as  (lightly  to  redden  the  bars  on  which  the  retort  re- 
pofed,  very  penetrating  white  vapours  began  to  pafs  over, 
which  were  collected  in  the  receiver,  and  which  proved 
to  be  real  phofphoric  acid  ;  in  a  (late,  however,  half  vola- 
tile. The  operation  being  thought  now  complete,  the 
veflfels  were  left  to  cool ;  but  on  attempting  to  take  out 
the  liquor  remaining  in  the  retort,  the  greateft  part  was 
obferved  to  have  become  as  thick  as  turpentine,  and 
ftuck  to  the  interior  of  the  veffel,  from  which  it  was 
impofiible  to  pour  it  but  by  diluting  it  with  diftilled 
water;  and  this  prevented  it's  being  weighed  with  exact - 
nefs.  The  quantity  of  phofphoric  acid  obtained  from 
2  oz.  6  drachms  of  phofphorus  by  two  pounds  of  nitrous 
acid  may  therefore  be  valued  at  eight  or  nine  ounces ; 
fuppofing  the  procefs  not  carried  to  the  point  of  reducing 
the  acid  to  the  confidence  of  thick  turpentine,  but  only 
to  that  of  a  fomewhat  thick  firup.  Such  is  the  procefs 
which  Lavoifler  made  ufe  of  to  obtain  the  phofphoric 
acid,  and  in  which  the  remaining  two  drachms  of  phof- 
phorus were  fuppofed  to  have  evaporated. 
Bergrr.an.  Other  acids  are  faid  to  produce  the  fame  effect;  thus 
Bergman  affirms,  that  if  a  piece  of  phofphorus  be  put 
into  fome  arfenical  acid,  it's  whole  furface  foon  becomes 
black,  from  the  portion  of  arfenic  that  adheres  to  it  in  a 
reduced  ftate  :  he  does  not,  however,  fpeak  of  the  ft  ate  of 
the  liquor,  but  it  appears  to  pafs  in  fome  part  to  the  ftate 
of  an  acid. 
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The  fame  chemift,  as  well  as  Scheele,  informs  us,  that  Scheie. 
the  dephlogifticated  muriatic  acid  immediately  converted  A 

fome  phofphorus  into  a  white  fmoke  ;  but  Morveau  con- 
tradicts this  aflertion  by  his  own  experiments,  faying,  that 
the  mod  concentrated  dephlogifticated  muriatic  acid  in  a 
liquid  (late,  even  that  taken  under  a  concrete  ftate,  in  the 
manner  of  Berthollet,  has  no  acYion  upon  phofphorus  at 
a  medium  temperature,  nor  even  at  15°  above  the  freez- 
ing point.  Berthollet  accounts  for  the  difference  between 
thefe  chemifts,  by  obferving,  that  no  acYion  takes  place 
between  thefe  fubftances  without  the  affiftance  of  light, 
but  that  when  a  piece  of  phofphorus  is  added  to  dephlo- 
gifticated marine  acid  and  the  mixture  expofed  to  light, 
it  will  acquire  the  properties  of  reddening  the  blue  juices 
of  vegetables,  and  of  precipitating  lime  water,  and  form- 
ing a  calcareous  phofphoric  fait;  and  hence  it  appears 
that  the  phofphorus  imbibes  the  pure  air  of  the  dephlo- 
gifticated acid,  and  is  changed  into  phofphoric  acid  ;  and 
indeed  Morveau  appears  to  admit  the  folution  in  the 
Encycl.  Meth.  art.  aclde  mur,  depblogift.  where  he  favs, 
this  acid  inftantly  decompofes  phofphorus,  difengages  a 
white  fmoke,  takes  hold  of  it's  phlogifton,  and  returns 
into  a  (late  of  common  aeriform  muriatic  acid.  It  is 
eafy  to  account  for  the  converfion  of  phofphorus  into 
the  acid  by  means  of  the  affinities.  The  acids  give  up 
their  oxygen  to  the  phofphorus,  and  hence  it  takes  it's 
acid  ftate ;  and  the  fame  may  be  effected,  as  Sage  has 
fhown,  by  adding  folutions  of  copper,  filver,  and  other 
metals,  to  phofphorus  ;  the  metals  are  precipitated  in, 
their  metallic  ftate,  ancl  the  phofphorus  becomes  an 
acid. 

4.  A  fourth  method  of  obtaining  the  phofphoric  acid  4th  method, 
is,  by  feparating  it  from  the  faline  or  earthy  bodies  with 
which  it  is  united.     It  is  now  well  known  that  the  phof- 
phoric acid  is  found  united  in  urine  to  volatile  alkali  for 
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it's  bafis,  forming  the  native  phofphat  of  urine  or  fufible 
♦  fait;  but  as  it  is  prefent  in  urine  with  one  or  two  fixed 
neutral  falts,  the  phofphoric  acid  cannot  be  procured 
from  it  by  heat  in  that  ftate.  When,  however,  this  na- 
tive phofphat  is  pure,  the  volatile  alkali  may  be  expelled 
from  it  by  heat,  by  which  means  the  phofphoric  acid, 
Stoueiie.  being  fixed,  remains  behind.  Thus,  according  to  Rouelle, 
when  the  fufible  fait  is  deprived  of  every  other  neutral 
fait,  and  the  liquor  is  put  into  a  porcelain  crucible,  or 
any  other  proper  evaporating  vefiel,  if  it  be  placed  in 
an  open  fire  or  fand  bath,  and  the  liquor  be  then  evapo- 
rated with  caution,  raifiug  the  heat  towards  the  end  of  the 
procefs,  fo  as  to  melt  the  phofphoric  acid,  it  will  be  ob- 
tained in  as  tranfparent  a  ftate  as  the  mofl  perfect  and 
beautiful  cryftah  The  phofphoric  acid  thus  obtained 
has  been  called  the  acid  bafis  of  native  fait  ;  it  is  produced 
in  a  glacial  ftate  from  the  heat  employed. 

It  was  likewife  propofed  to  procure  the  phofphoric 
acid    from    another    fait    contained     in     urine ;    thus 

Hermb-       Hermbftadt  advifes  to  digeft  Prou/Ps  perlated  fait  in  vi- 
tadt,  ..        .  .  ...  .  . 

tnolic  acid,  which  uniting  with  the  mineral  alkali,  and 

by  it's  union  forming  a  fait  capable  of  cryftallization, 
leaves  the  phofphoric  acid  difengaged.  The  acid  thus 
ieparated  may  be  further  purified  by  heat  from  any  ad- 
hering vitriolic  acid. 

All  chemifts,  however,  agreed  that  the  acid  extracted 
from  phofphorus  was  much  more  pure,  and  hence  that 
by  combuftion  was  called  by  Prouft,  aclde  pbofphorique 
par  excellence. 

At  the  article  hard  parts,  an  account  was  given  of  feve- 
ral  methods  of  procuring  this  acid  from  bones  ;  from 
which  it  appeared,  that  on  employing  the  vitriolic  acid, 
the  principle  fault  was  the  imperfect  feparation  of  the 
calcareous  earth;  of  which  although  the  greater  part 
unites  with  the  vitriolic  acid,  and  forms  an  infoluble  fele- 
njte,  yet  enough  remains  in  the  acid  lixivium  to  yield 
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an  earthy  fediment  upon  evaporation,  and  to  give  fome 
degree  of  opacity  and  of  infolubility  to  tjie  vitreous  acid 
prepared  by  this  method.  The  prefence  of  the  calcareous 
earth  is  proved  bv  melting  the  vitreous  acid  with  a  futfi- 
cient  quantity  of  fixed  alkalis,  and  lixiviating  the  melted 
mafs  with  water,  upon  which  the  calcareous  earth  will 
appear  undiflblved.  In  order  to  purify  this  acid,  there- 
fore, Rouelle  recommended  a  method,  founded  on  it's 
property  of  being  infbluble  in  fpirit  of  wine.  He  broke 
the  vitreous  acid  into  fmall  pieces,  and  by  addition  of  a 
little  water  reduced  it  to  a  gelatinous  liquor,  which  he  de- 
canted clear  from  the  earthy  matter,  and  mixed  with  it 
12  parts  of  fpirit  of  wine.  Next  day  the  phofphorie 
acid  was  found  at  the  bottom  of  the  mixture,  of  the  con- 
fidence of  refin  of  jalap  recently  prepared.  By  expofing 
this  acid  to  heat  in  a  crucible,  the  moifture  and  any  vi- 
triolic acid  adhering  to  fome  remaining  portion  of  fele- 
nite  were  diffipated,  and  by  urging  the  heat,  a  glafs  tranf- 
parent  as  cryftal  was  formed.  Weigleb  made  ufe  of  ano- 
ther method,  as  obferved  at  the  art.  bones ;  but  a  great 
improvement,  according  to  Ker,  has  been  made  on  the 
depuration  of  the  phofphorie  acid  by  Bonvoifin.  Hav-  Banroifa. 
ing  found  that  evaporation  and  filtration  were  infufficient 
to  feparate  all  the  earth  adhering  to  the  acid  of  bones, 
prepared  by  the  vitikjlic  acid  as  defcribed,  he  added  a 
cauftic  volatile  alkali,  and  obtained  a  copious  precipitate, 
and  when  he  could  feparate  no  more  by  the  cauftic  vo- 
latile alkali,  he  obferved,  that  upon  adding  the  fame  pre- 
cipitate in  a  mild  (late,  fome  further  precipitation  enfu- 
ed.  He  fufpe&ed  that  the  whole  of  the  precipitates  were 
notfelenite,  as  has  been  generally  fuppofed,  and  he  found  by 
experiment,  that  the  precipitate  formed  by  cauftic  am- 
monia was  a  phojphoric  jalt  with  a  calcareous  bafu,  and  that 
the  precipitate  formed  afterward  by  mild  ammonia  was  a 
calcareous  earth.     He  concludes,  therefore,  that  after  the 
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felenite  has  been  precipitated  in  the  common  procefs,  a 
%  portion  of  calcareous  earth  remains  combined  with  the 

phofphoric  acid,  forming  the  phofphoric  fait  with  bafia 
of  calcareous  earth  ;  which,  although  little  foluble  in  wa- 
ter, is  readily  dirlblved  in  the  acid  of  bones,  or  in  other 
acids,  as  he  found  was  the  cafe.  To  feparate  therefore 
the  calcareous  earth,  the  acid  mull:  be  faturated  with  an 
alkali,  and  the  volatile  is  preferable,  becaufe  it  may  after- 
wards be  expelled  from  the  phofphoric  acid  by  heat ;  and 
the  mild  alkali  is  preferable  to  the  cauflie,  becaufe  the 
former  decompofes  the  phofphoric  fait  of  lime,  fo  that  the 
whole  of  the  acid  remains  in  the  lixivium,  while  the 
earth  only  is  precipitated,  whereas  the  cauftic  alkali 
would  precipitate  the  entire  fait,  being  only  held  in  folu- 
tion  by  the  fuperfluous  acid.  Bonvoifin  continued  the 
procefs,  by  evaporating  the  lixivium  faturated  with  vola- 
tile alkali,  and  he  obtained  a  cryftallized  ammoniacal  fait, 
which  he  melted  in  a  filver  vefTel,  the  acid  acting  upon 
glafs  or  earthen  vefTels.  The  acid  thus  prepared  is  a 
compact  glafs  as  tranfparent  as  rock  cryftal,  is  acid  to 
the  tafte,  foluble  in  water,  and  deliquefces  on  expofure  to 
the  air.  It  differs  in  fome  refpecl:  from  the  acid  obtained 
by  burning  phofphorus,  and  is  even  purer,  as  Bonvoifin 
affirms,  than  this  latter  acid,  which  in  his  laneaiasre  is 
apt  to  be  more  or  lefs  phlogiilicated  :  for  the  acid  prepar- 
ed by  combuftion  gives  more  red  fumes  when  mixed  and 
evaporated  with  nitrous  acid,  deftroys  the  red  colour  of  a 
folution  of  manganefe  in  vitriolic  acid  (a  fign  of  the 
phlogiftication),  and  is  lefs  difpofed  to  cryftallize  when 
faturated  with  volatile  alkali.  The  acid  of  bones,  how- 
ever, although  depurated  from  calcareous  earth  by  vola- 
tile alkali,  is  fubject  to  one  fource  of  impurity,  from  which 
the  acid  obtained  by  combuftion  is  free;  for  Scheele  has 
proved,  that  bones  and  other  folid  animal  matters  contain 
fome  mineral  alkali,  from  which  the  modes  of  depuration 
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juft  mentioned  are,  as  Kcr  obferves,  perhaps  incapable  of 
freeing  the  acid  obtained.  The  quantity,  however,  of 
this  alkali  is  not  very  confiderable,  and  may  not  affect  the 
ordinary  ufes  of  the  acid. 

Likewife,  according  to  Fourcroy,  the  product  obtained 
from  bones  by  the  vitriolic  acid,  as  well  as  the  refidue  of 
the  phofphat  of  ammonia  decompofed  by  fire,  does  not 
confift  of  pure  phofphoric  acid,  not  affording  one  fifth 
of  it's  weight  of  phofphorus  at  moft,  but  contains  a  cer- 
tain quantity  of  the  phofphat  of  foda.  If  this  fait  remains 
mixed  with  calcareous  phofphat  arifing  from  a  fmall 
quantity  of  felenite,  it  ufually  melts  with  the  phofphat, 
and  forms  a  very  hard  opake  glafs  which  refills  the  action 
of  all  menftrua. 

For  a  further  account  of  obtaining  this  acid  from  bones 
the  reader  is  referred  to  the  investigation  of  thofe  fub- 
ftances,  and  perhaps  it  might  have  been  proper  to  have 
inferted  them  here. 

Vitrification  of  the  acid.-— When  the  native  phofphoric  Vitrific*- 
acid  was  obtained  by  Rouelle,  it  was  converted  into  a  ac^ 
tranfparent  glafs,  and  until  Morveau  had  inferted  an  ac- 
count of  the  acid  itfelf  in  the  Encyclop.  Meth,  great  fuf- 
picions  arofe  whether  this  fubftance,  reduced  to  a  (late  of 
glafs  in  the  fire,  really  merited  the  name  of  acid  •>  for  it 
was  afferted,  that 

1ft.  The  native  phofphoric  acid  not  faturated  by  a  ba- 
fis,  or  that  has  been  deprived  of  the  ammoniacal  bafis  by 
the  heat  of  evaporation,  preferves  all  the  properties  of  an 
acid  as  long  as  it  is  not  reduced  to  a  glacial  form  ;  as  ap- 
pears from  the  experiments  of  Berthollet  on  the  change 
of  blue  paper  in  recent  urine,  on  the  precipitation  of  cal- 
careous phofphat  which  lime  water  produces  in  it,  and 
from  the  obfervations  of  Rouelle  on  the  effervefcence  that 
this  acid  makes  with  the  volatile  alkali  added  to  the  urine 
during  it's  evaporation. 
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2d.  When  the  acid  of  native  fait  is  in  a  (late  of  glaf>, 
it  has  neither  the  fallibility  nor  the  favour  of  acids;  and 
according  to  the  remarks  of  Prouft,  it  would  appear  to 
belong  to  a  general  and  conftant  law,  that  a  Ample  fub- 
fiance  enjoying  every  power  of  acidity,  ought  alfo  to  have 
the  favour^  as  a  fign  of  that  power.  Bergman,  in  his  dif- 
fertation  on  the  blowpipe,  looks  upon  the  native  phofphat 
as  a  fait  of  three  parts,  i.  e.  phojphoric  acid,  fada  and  volatile 
alkali,  to  which  he  adds  a  fat  gelatinous  matter,  but  as  it 
isdiffipated  by  the  action  of  the  fire,  it  ought  not  to  be 
included  in  the  examination  of  the  glafs  which  remains 
fixed.  From  this  hypothesis,  this  glafs  is  the  phofpboric 
ccld  that  has  loft  it's  volatile  bafis,  which  is  only  imper- 
fectly faturated  by  the  mineral  alkali ;  and,  according  to 
this  chemift,  it  is  on  account  of  this  excefs  of  acid  that  it 
,  fa  readily   attracts  humidity  from  the  air.     Prouft,   to 

whom  the  knowledge  of  that  peculiar  fubftance  in  urine 
is  owing,  which  is  foreign  to  the  phofpborus,  and  which 
Bergman  calls  acid  of  per  late  [alt  andMorveau  ouretlc  acid, 
is  of  opinion  that  it  is  this  fubftance  which  faturates  the 
phofbhorU  acid  in  the  infoluble  glafs  of  the  native  fait;  and 
Bergman  appears  to  have  ^adopted  this  hypothefis  in  the 
new  edition  of  his  Dinertation  on  Affinities.  Morveau, 
however,  could  not  comprehend  how  one  acid  was  able 
to  faturate  another;  and  how  it  only  faturates  it  in  a  ftate 
exficcation,  whilft  in  an  aqueous  ftate  it  lets  it  enjoy  all 
the  properties  of  a  free  acid.  It  is  true,  that  Prouft  does 
not  give  this  fubftance  the  name  of  acid,  and  he  obferves, 
that  it  turns  the  f.rup  of  violets  green ;  but  he  allows,  or 
rather  eftablifhes  the  fact,  that  it  performs  the  function  of 
an  acid,  and  that  itficts  upon  alkalis  as  well  as  acids.  On 
adopting  the  comparifon  he  propofes,  of  this  fubftance  with 
the  concrete  boracic  acid  or  fedative  fait,  it  may,  accord- 
ing to  Morveau,  be  imagined  that  it  panes  eafily  of  itfelf 
to  the  ftate  of  glafs ;  that  being  in  abundance^  it  covers  and 
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defends  the  phofphoric  acid,  which  is  in  lefs  quantity,  from 
the  contact  of  all  matter  capable  of  acting  upon  it  in  the 
humid  way;  it  may  even  be  fuppofed,  that  the  phofpho- 
ric acid  is  in  part  faturated  with  the  foda,  which  the 
ouretic  acid  always  carries  along  with  it,  and  that  this  laft, 
as  being  more  weak,  has  been  obliged  to  give  it  up,  or 
perhaps  to  partake  of  it  during  the  vitrification;  but  what- 
ever probability  this  comparifon  gives  to   the  fyftem  of 
Prouft,  it  of  courfe  muft  fall,  if  it  be  found,  that  the  pure 
phofphoric  acid^  exempt  from  all  ouretic  fubftance,  ifolated 
from  any  bafis,  likewife  lofes,  at  Ieaft  to  a  certain  point, 
the  characters  of  an  acid,  on  being  pufhed  to  a  ftate  of 
glafs  ;  and  it  muft  then  be  confeffed,  that  thefe  two  effects 
depend  on  the  fame  caufe,   which  has  not  as  yet  been 
mown.     For  this  purpofe  Morveau  took  fome  very  pure 
phofphoric  acid,  extracted  from   phofphorus  by  a  flow 
combuftion;   it  was  exficcated  by  a  gentle  evaporation, 
and  then  put  into  a  Ileffion.  crucible  in  a  melting  furnace, 
taking  care  to  reverfc  another  crucible  upon  it,  to  prevent 
any  foreign  matter  entering,   and  a  beautiful  glafs  was 
obtained.     This  glafs,  expofed  feveral  months  to  the  ex- 
ternal air,  was  not  diiTolved,  nor  even  had  extracted  any 
evident  moifture.      Having  boiled  fome  difiilled   water 
upon  it,  it  very  fenfibly  reddened  blue  paper  ;  having  de- 
canted this  firft  water,  what  was  again  put  upon  the  fame 
acid  glafs  no  longer  changed  litmus,  and  no  ditiblution 
took  place,  although  the  glafs  was  boiled  feveral  hours  in  a 
large  quantity  of  water.  Here  then,  fays  Morveau,  is  a  vi- 
tnform  phofphoric  acid,  the  acid  properties  of  which  have 
almaft  totally  difappeared  without  being  marked  by  the 
fubftance  difcovtred  by  Prouft,  or  any  faturation.     This 
glafs,  however,  may  return  to  the  acid  ftate  which  Mor- 
veau accounts  for  by  it's  pafling  through  the  ftate  of  phof- 
phorus, by  combining  it  with  the  phlogifton,  and  then 
let  it  inflame,  the  refiduum  being  the   regenerated  acid^ 
vol.  ir.  K 


130  ACIDS. 

he  fuppofes  it  is  the  abfence  of  the  vital  air  which  is  the 
caufeof  the  inertia  of  the  phofphoric  glafs,  and  concludes, 
that  the  insolubility  of  the  acid  extracted  from  the  fait  of 
urine,  when  pufhed  to  a  glacial  (late,  is  by  no  means  a 
proof  of  the  impurity  of  the  acid. 
Difcwciyof     In  giving  the  hiflory  of  the  difcoveries  of  the  different 
ti«of°piiof-  properties  of  the  phofphoric  acid,  it  will  be  neceffary  to 
phone  acid-  begin  with  Boyle.     This  celebrated  chemift  found,  that 
the  water  in  which  the  phofphorus,  which  he  calls  noctt- 
luca,  had  been  kept,  to  defend  it  from  the  air,  had  a  ftrong 
piercing  tafte  like  that  of  fea  fait,  but  more  pungent,  as  if 
brine  was  mixed  with  fpirit  of  fait ;  on  evaporation,  it 
coagulated  into  a  fubftance,  fometimes  like  a  jelly,  at 
other  times  like  the  white  of  egg,  in  confiftence,  which 
fubftance  was  eafily  melted  by  heat.     If,  before  the  coa- 
gulated matter  was  too  far  wafted  by  the  heat,  it  was  fuf- 
fered  to  cool  a  little,  it  had  acquired  a  confidence  like 
melted  refin,  or  rather  ftiff  birdlime,  as  it  would  draw  out 
into  threads  a  foot  or  more  in  length,  one  of  which  being 
held  to  the  flame  of  a  candle,  did  not  take  fire,  but  melt- 
ed into  little  globules  like  glafs,  and  likewife  gave  out  a 
ftrong  fmell  like  that  of  garlic;  and  being  left  all  night  in 
the  air,  it  attracted  moifture  exceedingly   faft,  and  was 
diffolved  into  a  liquor  almoft  as  ftrong  as  fpirit  of  fait. 
Putting  this  fubftance  again  over  the  fire  as  before,  it  ap- 
peared to  become  fixed,  and  afforded  a  multitude  of  min- 
ing explofions,  with  evident  flafhes  of  light.     In  order  to 
examine  the  faline  part  of  the  no&ilucal  matter,  he  dif- 
fered a  little  of  it  to  diffolve  per  deliquium  into  a  clear  li- 
quor, and  having  dropped  a  little  of  it  upon  fome  firup 
of  violets,  it  changed  it  to  a  fine  carnation  colour.     It 
"diffolved  fome  of  the  filings  of  copper  without  heat,  and 
the  folution  was  of  a  green  and  blue  colour.     It  corroded 
red  coral,  and  erfervefced  with  dry  fait  of  tartar,  hence 
Boyle  numbers  it  among  the  family  of  acid  falts. 
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Margraaf  carried  his  refearches  much  farther  than  Margraaf. 
Boyle,  and  proved  in  oppofition  to  the  opinion  of  Stahl 
and  his  followers,  who  fuppofed  it  to  be  the  acid  of  fait; 
that  it  had  no  connection  with  it,  but  that  it  was  an  acid 
fui  generis.     His  experiments  were  made  upon  this  acid  * 
produced  from  the  burning  of  phofphorus,  and  likewife 
upon  the  fufible  fait  of  urine  which  contains  this  acid  in  a 
free  ftate;  the  laft  was  diffolvcd  in  between  two  and  three 
parts  of  diftilled   water ;  the  firft  he  calls  the  pho/pboric 
acid',  the  fecond,   the  acid  liquor;  with  refpect  to  the 
firft,  he  found,  that  mixed  with  a  folution  of  gold,  no 
turbidnefs  was  immediately  produced,   but  afterward  a 
few  mining  particles  of  gold  fell  to  the  bottom  ;  diftilled 
by  a  ftrong  heat,  the  refiduum  was  of  a  purple  red  colour. 
The  acid  had   no   effect  upon  fine  filver  filings,  when 
ftrongly  digefted  with  them  :  with  a  folution  of  filver, 
after  fome  time  it  became  darkifti  and  blueim,  a  very  fmall 
portion  fell  down  refembling  black  flocculi,  and  when 
diftilled,  the  refiduum  looked  like  luna  cornea.     It  feized 
upon  the  calx  of  quickfilver  obtained  by  calcination,  and 
changed  it's  yellowifti  red  to  white,  and  by  ftrong  digef- 
tion,  to  a  black  colour;  but  nothing  was  precipitated  by 
the  oleum  tartari  per  deliquium.     It  produced  an  abundant 
white  precipitate  from  a  nitrous  folution  of  quickfilver  ; 
this,  on  remaining  in  the  cold  was  for  the  moft  part  taken 
up  again,  and  only  a  fmall  black  heavy  powder  was  left. 
It  readily  diflblved  the  filings  of  copper,  and  the  folution 
was  green ;  likewife  iron,  and  formed  cryftals  with  it. 
It  had  no  effect  on  tin,  till  concentrated,  it  then  acted 
fomewhat  upon  it.     The  fame  happened  with  lead,  but 
rather  more  ;  it  however  precipitated  it  of  a  white  colour 
from  it's  folution  in  nitrous  acid,  and  the  precipitate  was 
not  rediffolved.     It  perfectly  diflolved  white  arfenic,  and 
a  blackifh  mafs  remained  after  diftillation.     It  diffolved 
zinc  very  ftrongly,  and  with  a  (linking  fmell  like  that 
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arifing  from  it's  folution  of  tin.     It  united  with  fal  tar- 
tan, and  on  evaporation,  cryftals  were  produced  that  did 
not  decrepitate.      It   eflfervefced  ftrongly,    and  formed 
longifh  pointed  cryftals  with  volatile  alkali.     With  re- 
fpect  to  the  fecond,  he  found,  that  when  ftrongly  digeft- 
ed  with  different  metals,  the  following  were  it's  effects. 
It  had  no  action  upon  gold-leaf,  even  by  boiling,  and 
with  the  addition  of  nitrous  acid  ;  nor  upon  filver  ;  the 
fineft  copper  duft  was  fcarcely  affected  by  it.     It  how- 
ever difTolved  iron  with  effervefcence,   and   became  at 
length  turbid,  glutinous,  and  of  a  fomewhat  blueifh  co- 
lour; it  had  but  little  effect  upon  tin  and  lead  3  it  cor- 
roded zinc  filings  to  a  white  powder,  which,  diluted  with 
water  and  filtered,  were  precipitated  by  oil  of  tartar.  Pul- 
verized regulus  of  antimony  was,  during  digeftion,  in 
part  difTolved,  as  appeared  from  it's  precipitation  by  oleurni 
tartari ;  it  did  not  affect  bifmuth  ;  it  gave  the  blue  calx 
of  cobalt  a  red  colour.     This  phofpharic  fait,  however,  had 
a  much  flronger  action  upon  metallic  bodies  in  the  dry 
way  ;  and  as  it's  ammonia  efcapes  by  heat,  the  effects  it 
had  may  be  looked  upon  as  thofe  of  the  acid.     Melted 
with  pure  gold  it  formed  a  purple  fcoria ;  with  filver  fil- 
ings, an  opake  fcoria  ;  with  copper  the  fcoria  was  green- 
ifh,  it  likewife  gave  this  metal  a  whiter  colour,  and  ren- 
dered it  more  brittle  3  with  iron,  a  glaffy  fcoria  of  me- 
tallic appearance,  which  when  broken  was  of  a  greenifh 
vcllow  colour  ;   during  the  fufion  fparlcs  of  phofphorus 
were  conftantly  emitted,  which  Margraaf  accounts  for, 
from  the  acid  uniting  with  the  inflammable  principle  of 
iron  ;  the  metal  was  femivilrified  and  fpungy  in  texture. 
With  tin  the  fcoria  was  milk  white,  and  the  metal  was 
become  foliaceous  in  -texture,  mining,  and  refembiing 
zinc    in   it's  fracture ;  with  lead   the  effects  were  the 
fame;  phofphoric   fparks  were  emitted  from  both.     It 
diffolvtd  the  calx  of  quickfilver  precipitated  from  aqua 
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fortis  by  oil  of  tartar  ;  the  mafs  was  whitifh,  but  not 
clear,  and  when  diflblvcd  in  diftilled  water,  a  yellow  pow- 
der fell  to  the  bottom,  which  by  heat  was  converted  into 
quickfilver;  a  drop  of  the  remaining  clear  water  imme- 
diately made  a  white  fpot  upon  a  clear  copper-plate. 
It  gave  regulus  of  antimony  a  beautifully  fplendid  and  ra- 
diated appearance,  and  the  fcoria  was  fomewhat  opake. 
Bifmuth  was  but  little  changed  by  it.  A  moderate  heat 
applied  to  a  mixture  of  it  with  zinc  produced  a  great  deal 
of  phofphorus,  and  beautiful  phofphoric  flames;  the  re- 
mainder was  a  gray  vitrified  fcoria;  expofed  with  white 
arfenic  to  a  ftrong  heat,  the  mafs  on  being  left  in  the 
open  air  deliquefced,  was  of  a  fnow  white  colour,  and 
when  cold  moderately  tranfparent.  Expofed  to  a  red 
heat  with  fulphur,  the  laft  fublimed,  whilft  the  fait  re- 
mained unchanged  in  a  perfectly  clear  fufion.  With 
cinnabar  no  change  of  any  confequence  was  likewife  ob- 
ferved,  it  alfo  fublimed;  with  manganefe  it  became  a 
femitranfparent  mafs,  and  yellowifh  in  fome  parts,  but 
did  not  deliquefce ;  the  fides  of  the  crucible,  and  around 
the  mafs  itfelf,  were  of  a  purple  red;  with  the  calx  of 
filver,  the  fcoria  was  whitifh,  but  not  clear,  with  a  yel- 
loivifh  (hade,  and  very  little  was  reduced;  with  crocus  ve- 
neris a  beautiful  green  fcoria  was  produced,  in  which  all 
the  copper  was  diflblved  ;  with  crocus  martis  it  gave  a  dark 
brown  fcoria ;  with  calx  of  tin,  a  beautiful  white  mafs  ; 
calx  of  antimony  afforded  a  whitifh  fcoria;  calx  of  bif- 
muth, a  yellowifh  green  mafs;  flowers  of  zinc  afforded 
the  whiteft  mafs,  it  was  femitranfparent,  refembling  opal. 
All  thefe,  except  the  filver,  formed  mixtures,  that  did 
not  deliquefce  or  melt.  With  chalk  it  formed  a  femitranf- 
parent body,  like  glafs,  and  not  deliquefcent ;  with  finely 
pulverized  marble,  it  melted  fo  thin,  as  to  run  out  of  the 
crucible,  a  fmall  remnant  only  was  left,  vitrified ;  the 
fame  with  refped  to  alabafter ;  with  fpanifh  chalk  it  gave 
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a  fomewhat  porous  mafs,  the  fraclure  of  which  was  (lining 
and  femitranfparcnt;  with  a  Saxon  topaz,  a  beautiful  opal 
coloured  mafs,  and  not  deliquefcent;  with  flint,  the  fame, 
but  deliquefcent;  with  fine  white  clay,  the  fame  as  Spa- 
nifh  chalk;  with  fluor  fpar  a  femitranfparent  mafs.  Dif- 
tilled  with  oil  of  vitriol,  the  mixture  on  boiling  became 
brownifh,  and  then  turbid  and  white;  at  a  ftronger  heat  the 
oil  of  vitriol  came  over,  and  the  remainder  was  opake,  white 
and  deliquefcent;  withftrongfpiritof  nitre,  the  latter  came 
over,  and  the  remainder  was  tranfparent  like  borax-glafs; 
with  fpirltus  falls,  the  fait  being  fixed,  nothing  remarkable 
was  obferved;  with  pure  fait  of  tartar,  nothing  arofe,  al- 
though expofed  to  a  red  heat;  being  difiblvcd  in  diflilled 
water  and  cryftallized,  the  cryftals  were  long  and  had  an 
excefs  of  alkali,  hence  the  necefiity  of  repeated  folution 
and  cryftallization.  Expofed  to  the  ftrongeft  degree  of 
heat  with  pure  vitriolated  tartar,  a  heavy  acid  drofs  came 
over  which  eflfervefced  with  fixed  alkalis,  and  when  cryf- 
tallized, refembled  vitriolated  tartar.  The  remainder  was 
white  and  fufed,  difficultly  cry  flail  iz  able,  and  differed  from 
vitriolated  tartar,  likewife,  in  being  eafily  foluble  in  a  little 
water.  Pure  nitre  being  expofed  with  it  to  a  flrong  heat, 
red  vapours  arofe,  a  proof  that  this  fait  expels  the  nitrous 
acid  from  it's  alkaline  bafes ;  the  remainder  was  of  the 
colour  of  peach  flowers,  but  had  not  fo  perfectly  become 
fufed,  as  that  with  vitriolated  tartar,  and  was  more  diffi- 
cultly foluble  in  water.  On  evaporation  the  cryftals  were 
longifh,  refembling  thofe  obtained  from  fait  of  tartar. 
They  did  not  detonate  on  hot  coals,  but  by  the  blow-pipe 
became  a  round  mafs,  like  that  from  fait  of  tartar  which 
became  opake  on  cooling.  With  common  fait,  the  fame 
as  laft,  the  fpirit  of  fait  came  over,  and  the  remainder  was 
milk-white,  eafily  foluble  in  water,  and  afforded  cubic 
cryftals,  which  decrepitated  on  red  hot  coals  ;  there  was, 
however,  fome  difference ;  with  fal  ammonia,  no  change 
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took  place;  with  finely  powdered  borax,  the  fufion  was  fo 
fubtile  as  to  pierce  the  fides  of  the  crucible ;  the  little  re- 
maining had  glazed  the  bottom  of  the  crucible,  but  did 
not  attract  moifture.     This  fait  diffolved  in  two  parts  of 
water  and  mixed  with  lime  water  was  left  to  evaporate  on 
a  moderately  warm  furnace,   and  during  the  evaporation 
(from   1  quart  to   10   ounces)  a  great  quantity  of  fine 
white  porous  earth  had  been  depofited  at  the  bottom ; 
this  filtered  and  dried  was  not  fufible,  but  effervefced  with 
aqua  fortis;  the  filtered  liquor  afforded  a  yellowifh  ra- 
diated fait,  that  did  not  deliquefce  ;  this  fait  diffolved  in 
two  or  three  parts  of  water,  when  it  was  perfectly  clear, 
and  precipitated   the  following   earths  from  their  folu- 
tions :  fly.it  diffolved  by  fixed  alkalis ;  calcareous  earth 
from  acid  of  fait  of  a  white  colour,  which  was  remark- 
able for  being  for  the  moft  part  as  birdlime  after  edul- 
coration;  and  the  earth  of  alum.     It  did  not  precipitate 
gold  from  aqua  regia,  but  filver  fell  down  of  a  white  co- 
lour from  the  nitrous  acid.     It  precipitated  copper  from 
nitrous  acid,  in  the  form  of  a  white  powder,  often  like- 
wife  in  the  form  of  a  green  oil,  and  oftentimes  had  no 
effecl:,  which  arofe  from  the  proportions  of  the  water* 
Iron  fell  from  the  nitrous  acid  likewife;  and   as  a  white 
powder  from  fpirits  of  fait;  the  precipitate  was  tough  in 
the  heat,  but  boiling  water  entirely  diffolved  it.     Lead 
fell  down  from  nitrous  acid  of  a  white  colour,  as  well  as 
tin  diffolved  in  aqua  regia,  but  this  laft  metal  was  not 
precipitated  from  the  vitriolic  acid.     Quickfilver  from 
the  nitrous  acid  and  bifmuth  equally  produced  a  white 
powder ;  after  fome  time  it  precipitated  zinc  from  the 
nitrous  acid.     Such  are  the  experiments  which  Mar- 
graaf  made  upon  the  phofphoric  acid,  and  later  obferva- 
tions  have  confirmed  fome  and  added  to  others.     * 

With  refpect  to  it's  tafie,  Leonhardi  thinks  it  refem-  Tafteof 
blcs  that  of  vitriolic  acid,  and  mows  no  particular  fharp-  a^V    !C 
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nefs,  although  de  Lafibne  and  Cornette  have  defcribed  it 
as  cauftic. 
Specific  It's  fpecific  gravity  according  to  Morvcau   cannot  be 

giavj  y*  determined  in  a  (late  of  fluidity,  as  it  may  be  dephleg- 
mated  to  drynefs;  in  a  vitreous  flate  Crell  found  it  to 
water  as  3  to  1,  but  as  his  acid  had  not  been  in  a  ftate  of 
phofphorus,  it  was  not  perfectly  pure.  It's  concentration 
even  varies  in  a  liquid  ftate,  from  it's  fpontancous  deli- 
quefcence;  the  {Irongeft  which  Morvcau  faw,  was  1,417, 
another  time  only  1,306.  According  to  Briffon,  the 
fpecific  gravity  of  a  phofphoric  acid,  a  cubic  foot  of 
which  weighed  109  lb.  3  drachms  1 1  y  grains,  was  to 
diflilled  water  as  15575  to  10C00.  But  de  Laffone  and 
Cornette  mention  fome  of  this  acid  that  was  to  water  as 
19  to  8. 
With  water.  Thefe  two  laft  chemifts  have  alfo  obferved  the  heat  pro- 
duced on  mixing  this  acid  with  diflilled  water.  With  an 
acid  of  the  confiftence  of  oil  of  vitriol  they  raifed  the 
therm.  (Reaum.)  15°;  with  another  acid  of  a  fpecific 
gravity  to  water  as  19  to  8,  they  raifed  it  from  13°  to  34°, 
and  another  time,  when  two  parts  of  this  acid  were  added 
to  one  of  water,  4°  more. 
Nitrous  gas.  PrieftJey  obferved,  that  this  acid  was  foon  faturated  with 
red  nitrous  vapours,  or  nitrous  gas,  and  then  became  of  a 
deep  indigo  colour. 
Potafti.  The  fait  it  forms  with  potafh  has  been  called  tartarus 

phofphoratus,  alkali  vegetabile  phofphoratum.  It  cryf- 
tallizes  without  difficulty  ;  when  expofed  to  heat  in  clofe 
veffels  it  is  not  decompofed,  but  becomes  an  opake  vitre- 
ous mafs,  foluble  in  water.  It  is  decompofed  by  lime 
water,  and  by  felenite  folutions,  the  phofphoric  acid  unit- 
ing and  precipitating  with  the  earth,  forming  a  phofpho- 
ric fait  of  lime.  Although  it  decrepitates  on  the  coals 
like  common  fait,  yet  it  did  not  with  the  blowpipe  accord- 
ing to  Margraaf,  but  was  converted  with  borax  into  a 
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tranfparent  vitreous  body.  It  does  not  communicate, 
as  well  as  other  phofphoric  falts,  any  colour  to  the  flame 
of  alcohol,  although  it  contained  a  few  reddifli  parts. 
It  is  decompofed  bv  fluoracid  and  a  fluat  of  potafli  con- 
taining filex  is  precipitated.  It  is  not  decompofed  by  the 
acid  of  arfenic,  but  is  in  part  by  that  of  tartar.  Silver 
precipitates  it  in  the  form  of  a  fine  white  powder,  by- 
double  affinity ;  quicksilver,  of  a  yellowifh  colour,  and 
lead,  of  a  darkifh  white  powder. 

By  a  frnall  fuperabundance  of  acid  when  united  to  foda  Soda. 
this  fait  is  faid  to  poffefs  the  peculiar  property  of  being 
fixed  in  the  cold  and  fluid  at  an  evaporating  heat,  without 
the  aid  of  water.  Limewater  decompofes  it's  aqueous 
folution;  alcohol,  acids  and  the  above  mentioned  metals, 
act  upon  it  as  upon  the  phofphat  of  potafli,  but  the  acid 
of  tartar  does  not  decompofe  it.  It  has  been  called,  fal 
phofphoreum  minerale,  fel  phofphorique  a  bafe  de  Talcal^ 
mineral ;  when  properly  faturated,  it  efTervefces  in  the  dry- 
air  like  other  falts  with  balls  of  foda,  and'  being  free  from 
any  unpleafant  tafte,  has  been  of  late  years  introduced 
into  medicine  as  a  purging  fait. 

Dr.  Pearfon  gives  the  following  procefs  for  preparing 
this  phofphat  of  foda.  DiiTolve  in  a  longnecked  matrafs 
1400  grains  of  cryftallized  mineral  alkali  in  2100  grains 
of  water,  at  the  temperature  of  150°  of  Fahrenheit's 
fcale.  Add  gradually  500  grains  of  phofphoric  acid,  of 
a  fpecific  gravity  to  water  as  1,85.  Boil  the  liquor  fome 
minutes,  and  while  it  is  boiling  hot,  filtrate  it  and  pour 
it  into  a  ihallow  veflel  -,  let  it  remain  in  a  cool  place, 
and  cryftals  will  continue  to  form  during  fome  days. 
From  the  above  quantities  of  the  materials,  he  has  ob- 
tained from  1450  to  1550  grains  of  cryftallized  fait.  The 
cryftals  are  folios  contained  within  fix  rhomboidal  faces, 
of  which  the  acute  angles  are  60°  and  the  obtufe  120°. 

United  with  ammonia  it  forms  the  fal  ammoniacum  Ammonia. 
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phofphoreum,  or  fel  phofphorique  ammoniacal,  the  folu. 
lion  of  which  is  likewife  decompofcd  by  lime  water.  Ac- 
cording to  Lavolfier,  it's  cryftals  refemble  thofe  of  alum, 
and  are  eafier  foluble  in  warm  than  cold  water;  they  re- 
quire from  live  to  fix  parts  of  cold  water  for  their  folution, 
and  are  not  deliqucfcent.  According  to  Wenzel  the  am- 
monia is  to  the  phofphoric  acid  in  them  as  8  to  3.  This 
fait  fwells  when  expofed  to  the  fire,  but  although  it  is 
decompofed,  the  fixity  of  it's  acid  prevents  it's  fublima- 
tion.  It  is  found  ready  formed  in  urine,  and  is  the  fa- 
line  fubftance  from  which  phofphorus  is  obtained  in  the 
procefs  for  preparing  it  from  that  animal  liquor;  for  the 
volatile  alkali  efcapes  by  heat,  leaving  the  phofphoric  acid 
at  liberty  to  combine  with  the  inflammable  matter,  and 
to  form  phofphorus  ;  whereas  the  other  phofphoric  fait 
■  obtained  in  urine,  which  has  juft  been  mentioned  under 
the  name  of  phofphat  of  foda,  is  incapable  of  decompo- 
fjtion  by  charcoal.  ' 

time.  With  lime,  according  to  Wenzel,  it  forms  a  gummy 

mafs,  and  a  few  cryftals,  but  the  greater  part  is  in  the 
form  of  a  gritty  powder  which  finks  to  the  bottom.  In 
fact,  fays  Ker,  this  compound  is  aim  oft  infoluble  in  wa- 
ter, and  the  part  which  remains  fufpended,  or  appears  in 
cryftals,  as  Wenzel  defcribes,  is  merely  ditto!  ved  by  the 
fuperfluous  acid>  Lime  has  the  greateft  affinity  to  the 
phofphoric  acid,  which  takes  it  from  the  nitrous,  mu- 
riatic, flu  or  acid,  arfenical  and  acid  of  ants,  lactic  and 
acids  of  lemons  and  vinegar ;  even  in  the  dry  way,  from 
the  fluor  acid.  This  almofl  infoluble  fait  is  called  fal 
calcareum  phofphoreum,  calx  phofphorata,  fel  phofpho- 
rique calcaire,  and  is  prepared  the  beft  from  ftrong  lime- 
water  or  chalk  and  the  phofphoric  acid.  From  it's  dif- 
ficult folubiiity  in  water  and  confequent  difficult  cryftal- 
lization,  the  real  ftate  of  it's  crvflals  cannot  be  deter- 
mined, but  from  their  changing  the  tincture  of  litmus  to 
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a  red,  they  appear  to  have  a  fuperabundaiice  of  acid  (cal* 
careous  phofphit,)  It  is^  however,  foluble  in  the  nitrous 
and  vitriolic  acids,  and  is  acted  upon,  with  refpect  to  the 
feparation  of  it's  acid,  in  the  fame  way  as  the  earth  of 
bones.  Cauftic  alkalis  have  no  effect  upon  it  either  in  the 
moift  or  dry  way ;  the  precipitate  of  phofphat  of  lime, 
fuperfatu rated  with  the  acid,  and  made  foluble  by  cauftic 
alkali,  is  phofphat  of  lime;  mild  alkalis,  according  to 
Lavoifier  and  Morveau,  decompofe  it,  both  ways,  by 
means  of  double  affinity,  although  in  the  dry  way,  from 
the  furplus  of  alkali,  very  imperfectly.  Mild  volatile 
alkali  likewife  attacks  the  phofphat  during  the  digeftioo> 
fo  as  to  produce  a  phofphat  of  ammonia ;  but  it  does  not 
decompofe  it's  folution  fo  well  by  a  quick  precipitation, 
becaufe  the  phofphat  of  lime  becomes  infoluble  by  de- 
priving it  of  the  fuperabundant  acid,  and  falls  down  undif- 
folved  to  the  bottom.  A  folution  of  filver  is  precipitated: 
by  it,  of  a  dirty  gray,  but  by  degrees  becomes  reddidit 
and  a  folution  of  qnickfilver  in  the  form  of  a  white  pow- 
der.    It  does  not  colour  the  flame  of  alcohol. 

Morveau  combined  this  acid  with  ponderous  earth,  by  Baiytes. 
adding  it  to  a  folution  of  this  earth  in  marine  acid,  upon 
which  the  phofphoric  acid  feparated  the  earth  from  it's 
folvent,  and  formed  with  it  an  infoluble  precipitate.  It 
has  been  called  terra  ponderofa  phofphorata,  phofpho- 
reum  barytatum,  phofphate  de  Baryte.  It  is  without 
tafte,  and  in  a  ftate  of  powder.  Made  foluble  in  water  by 
means  of  a  furplus  of  phofphoric  acid,  it  is  more  or  lefs 
decompofed  by  the  acids  of  vitriol,  fugar,  amber,  and 
fluor,  and  perhaps,'  alfo,  as  Bergman  fays,  by  mild  alkalis. 

With  magnefia,  this  acid  forms,  according  to  Wenzel,  Magneto. 
befide  a  very  difficultly  foluble  powder,   and  a  gummy 
mafs,  fome  fmall  mining  cryftals,    infoluble  in  nitrous 
acid,  and  which  melt  in  the  furnace  to  a  porcelane-like 
f ub  fiance. 
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According  to  Bergman,  fimilar  cryftals  arifc  when  the 
acid  is  added  to  a  foliation  of  magnefia  in  vinegar.  La- 
voifier  obtained  by  fpontaneous  evaporation,  fine,  flat, 
fmooth  needles,  a  few  lines  in  length,  cut  obliquely  at 
both  ends,  and  which,  when  expofed  to  the  air,  fell  in 
pieces;  they  refcmbled  thofe  that  gypfum  gives  by  a  long 
and  almoft  imperceptible  evaporation.  This  fait  is  called 
fal  phofphoreum  magncfiae,-  magnefia  phofphorata,  fel 
phofphorique  de  magnefie ;  or,  according  to  Weigel, 
bi  tterphofphorfal  z . 

This  fait  is  alfo  obtained  by  the  decompofition  of  all 
magnefian  falts,  except  thofe  of  the  acids  of  fluor  and 
fugar.  By  alcohol,  it's  folution  is  rendered  turbid.  All 
mild  alkalis  decompofe  it  by  digeftion  carried  to  a  boiling 
heat,  and  the  fixed  on  calcination.  Limewater  precipitates 
magnefia  from  it's  folution,  and  the  precipitate  falls  with 
phofphat  of  lime.     Gypfum  the  fame  by  double  affinity. 

Argiio.  The   phofphoric   acid    (according  to  Wenzel)   eafily 

unites  with  pure  clay  when  digefted  upon  it,  forming  an 
infoluble  faline  powder,  and  a  clear  fluid  folution,  which, 
by  evaporation,  yields  a  gritty  powder,  and  at  laft,  a  mat- 
ter refembling  gum  arabic,  which,  by  heat,  becomes  a 
tranfparent  glafs.  This  has  been  called  alumen  phofpho- 
reum, argilla  phofphorata,  phofphate  d'alumine,  alaun- 
erdichtes  phofphorfalz.  The  acid  of  vitriol,  cauftic, 
and  mild  alkalis,  limewater,  and  magnefia  eafily  decom- 
pofe it.  Vinegar  even  takes  the  argile  from  the  phofpho- 
ric acid,  according  to  Bergman. 

SUex.  This  acid  has  not  any   fenfible  efTecl:  upon   filicious 

earth,  in  the  humid  Way,  although  it  has  been  obferved 
by  Rouelle  to  attack  glafs. 

In  the  dry  wav,  Ker  obferves,  that  this  acid  acts  upon 
all  earths.  Margraaf,  as  before  obferved,  expofed  to 
heat  mixtures  of  three  parts  of  acid  with  one  part  of 
Saxon  topaz,  flint,  clay,  and  chalk,  and  obtained  from 
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£ach  of  thefe  earths,  vitreous  mafTes,  more  or  lefs  trans- 
parent :  of  all  thefe  glaffes  that  made  with  flints  was  the 
only  one  which  feemed  to  be  deliquefcent. 

Lavoifier  found,  that  leaf-gold,  which  he  had  changed  Gold 
into  a  very  fine  purple  powder  by  trituration  with  fugar, 
and  warning  it  with  water,  loft  nothing  of  it's  weight 
after  being  twelve  hours  boiled  with  dilute  phofphoric 
acid,  and  that  an  alkali  precipitated  nothing  from  it.  Ac- 
cording to  Margraaf,  the  addition  of  nitrous  acid  did  not 
render  it  capable  of  diflblving  this  metal,  which  fhows, 
that  StahPs  idea  of  the  identity  of  this  acid  with  the  ma- 
rine is  not  well  founded. 

According  to  WenzePs  experiments,  the  phofphoric 
acid  feized  upon  fome  filver  that  had  been  produced  from  silver. 
luna  cornea,  and  actually  in  part  diflblved  it.  Some  pre- 
cipitated calx  of  filver,  on  digeftion  with  this  acid,  was 
coloured  black ;  and  although  there  was  no  appearance 
of  folution,  yet  after  the  evaporation  of  the  clear  liquor, 
a  faline  fubftance  remained,  which,  by  the  blowpipe, 
was  melted  to  a  dark,  dirty,  opake  glafs.  The  edulco- 
rated black  powder  expofed  to  a  red  heat,  became  yellow, 
and  by  a  flronger  heat,  part  was  reduced,  and  part  vitri- 
fied, of  a  dark  colour.  Common  fait  precipitated  the 
folution,  bluifh ;  likewife  the  alkalis  and  metals  precipi- 
tate filver  from  this  acid.  As  this1  acid  does  not  precipi- 
tate this  metal  from  it's  folution,  of  itfelf,  Leonhardi 
thinks,  that  in  Margraaf's  experiments,  where  the  black 
flocculi  of  filver  were  depofited,  it  was  owing  to  fome 
phofphorus  that  was  prefent,  as  that  fubftance  precipi- 
tates many  metals  in  their  metallic  ftate. 

The  folution  of  the  calx  of  copper,  precipitated  by  an  Copper, 
alkali,   in 'this  acid,  ;  after    evaporation,  a  green 

tranfparcnt  mafs,  resembling  gum  arabic,  which  melts, 
by  the  blowpipe,  to  a  perfectly  dark  opake  glafs.  By 
fixed  alkalis,   the  g  to  Wenzel,  is  pre- 
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cipirated  greets  but  by  zinc  and  iron,  in  it's  metallic 
ftate.  It  does  not  precipitate  the  vitriolic,  nitrous,  or 
muriatic  folution  of  copper,  but  precipitates  that  of  ver- 
digris. The  phofphoric  acid  prepared  from  the  allies 
of  bones  containing  a  faline  matter,  on  being  fluxed 
with  T*5  of  the  calx  of  copper,  and  precipitated  from  it's 
muriatic  folution  by  an  alkali,  the  compound  is  a  fea 
green  glafs  ;  and  it  precipitates  in  the  moift  way,  copper 
diflblved  in  muriatic  acid,  vinegar,  or  the  acid  of  fat; 
from  the  two  lad  acids,  of  a  white  colour.  Lavoifier 
found  metallic  copper  as  foluble  in  the  phofphoric  acid 
as  gold ;  that  the  union  of  the  calx  of  copper  was 
poffible,  but  weak,  and  not  fixed ;  and  he  employed  this 
acid  to  feparate  copper  from  iron.  Lavoifier  attributes 
this  inaction  of  the  acid  upon  the  metal,  to  it's  great 
affinity  to  it's  pure  air,  which  prevents  it's  parting  with  it 
to  the  metal.  Margraaf,  it  is  evident,  therefore,  differs 
from,  the  French  chemift ;  and  Ker  obferves,  that  proba- 
bly this  difference  between  the  two  illuftrious  chemifls 
may  be  reconciled  by  fuppofing,  that  this  acid  is  incapa- 
ble of  acting  direftly  on  copper,  but  that  by  abforption  of 
air  from  the  atmofphere,  it  becomes  capable  of  diflblving 
it  in  the  fame  manner  as  vegetable  acids  can. 

The  copper  which  this  acid  diffolves,  is  retained  fo 
weakly,  that  it  may  be  feparated  by  adding  gold  to  the 
folution,  which  metal  attracts  the  copper  from  the  acid. 

From  what  has  been  already  faid  of  this  acid  with 
lTQXlt  irou,  it  appears  that  it  is  capable  of  uniting  with  it  in  two 

proportions.  According  to  Margraaf,  the  compound 
is  a  cryftallizable  fait ;  but  according  to  Morveau, 
only  a  white  magma  fomewhat  deliquefcent.  The  dif- 
ference of  thefe  refults,  Ker  obferves,  depends  on  the 
different  degrees  of  faturation  of  the  acid ;  for  Wenzel 
relates,  that  this  acid  makes  a  clear  folution  of  iron,  and 
by  evaporation,  cryftals  may  be  formed  that  do  not  de- 
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liquefce  in  the  air,  and  which,  by  heat,  are  changed  into 
a  garnet  coloured  glafs  \  but  that,  if  the  folution  of  the 
iron  be  continued  till  the  acid  is  faturated,  the  whole 
compound  of  acid  of  iron  will  fall  to  the  bottom,  and 
become  a  dry  adhefive  mafs,  infoluble  in  water,  and  fo- 
luble  in  fpirit  of  vitriol.  From  the  folution  of  this  pre- 
cipitate in  dilute  vitriolic  acid,  the  iron  may  be  feparated 
by  lime,  in  it's  metallic  {late ;  by  alkalis,  in  form  of  a 
gray  powder,  which  is  cryftallizable  on  account  of  a 
portion  of  phofphoric  acid  it  retains.  Lavoifier  received 
only  a  greenifh,  faline  fubftance,  foluble  in  water,  and  by 
further  fatu ration,  during  the  folution  and  evaporation, 
a  grayifh  white  precipitate. 

Of  all  the  compounds  of  this  acid  with  metallic  fub- 
(lances,  that  with  iron  is  the  mofi:  interesting,  as  it  is  faid 
to  be  owing  to  a  mixture  of  the  phofphoric  acid  in  cer- 
tain ores  of  iron,  that  this  metal  acquires  the  quality 
called  eold-Jhort,  which,  by  diminifhing  it's  firength,  ren- 
ders it  lefs  ufeful. 

Some  years  ago,  two  excellent  chemifls,  Meyer  and 
Bergman,  obferved,  about  the  fame  time,  that  when 
cold-jhort  iron  was  diffolved  to  faturation  in  vitriolic  acid, 
the  folution,  particularly  after  having  been  diluted  with 
water,  let  fall  a  white  precipitate^  which  being  edulcorated, 
and  melted  in  a  crucible  with  powdered  charcoal,  gave  a 
white,  brittle,  and  fufible  regulus.  A  portion  of  this 
regulus  being  melted  with  a  quantity  of  good  iron,  gave 
this  iron  a  cold-  ihort  quality.  Hence  it  was  inferred 
that  this  metallic  fubftance  was  the  caufe  of  this  vicious 
quality  to  which  the  iron  made  from  certain  ores  is  fub- 
ject;  and  Bergman,  as  Ker  obferves,  elafTed  it,  rather 
too  haftily,  as  a  new  femimetal,  to  which  he  gave  the 
name  of  fiderum^  apparently  from  it's  relation  to  iron, 
being  derived  from  the  Greek  word  *»»tyo?,  fignifyiftg  that 
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metal ;  it  has  been  caWedfideritc  in  Engliih  and  French, 
and  waflfereifen  by  the  Germans. 

This  fubftance,  however,  did  not  long  enjoy  it's  new 
diuinchon  as  a  femimetal ;  for  it's  difcoverer,  Meyer, 
and  alfo  Klaproth,  perceived  it's  fimijarity.  to  the  com- 
pound made  from  iron  and  phofphoric  acid.  The  latter 
chemift  further  difcovered.  that  the  fubftance  called  na- 
tive PruJJian  blue  was  of  the  fame  compofition.  But 
although  the  refemblance  between  the  fiderite  and  the 
artificial  compound  of  iron  aud  phofphoric  acid,  gave 
itrong  reafon  to  believe  in  their  identity ;  yet  the  proof 
by  analyfis  was  not  obtained  till  Scheele  added  this  to 
his  former  difcoveries.  Although  other  acids  have  a 
flronger  affinity  to  the  iron  than  the  phofphoric,  yet  it 
was  not  poffible  to  feparate  this  acid,  becaufe  thefe  acids 
may  actually  decompofe  the  fiderite;  yet  the  phofphoric 
being  the  mofl  fixed  in  the  fire,  the  other  acids  will  be 
expelled  by  heat,  and  leave  the  iron  again,  with  the  phof- 
phoric acid.  Scheele,  therefore,  had  recourfe  to  the  ef- 
fect of  a  double  affinity.  He  prepared  a  quantity  of  the 
white  precipitate  of  the  fiderite,  by  diflblving  cold-fhort 
Iron  in  dilute  vitriolic  acid,  as  Meyer  and  Bergman  had 
done.  He  boiled  this  white  matter  in  a  fixed  alkaline 
ley,  by  which  he  feparated  an  ochre  of  iron.  As  the 
titrated  lixivium  contained  a  fuperabundance  of  alkali^ 
he  faturated  it  with  nitrous  acid.  He  obferved,  that  on 
dropping  a  little  of  this  faturated  liquor  to  lime  water,  an 
earthy  powder,  fimilar  to  the  earth  of  bones,  was  preci- 
pitated, which  indicated  the  prefence  of  the  phofphoric 
acid.  He  then  poured  into  the  faturated  lixivium,  by 
degrees,  a  foliuion  of  mercury  in  nitrous  acid,  till  no 
more  mercurial  precipitate  was  thrown  down.  This  pre- 
cipitate, which  was  a  compound  of  mercury  and  the 
phofphoric  acid,  he  mixed  with  charcoal  powder,  and  by 
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Jdiftillation,  obtained,  firft,  the  revived  quickfilver*  and 
then  a  phofphoms.  He  thus  aScertained  the  exigence  of 
the  phofphoric  acid  in  the  white  calx,  which  precipitates 
from  folutions  of  cold-fhort  iron,  and  he  confirmed  by 
this  analyfis  the  fynthetic  remits  of  Meyer  and  Klap- 
roth.  He  had  previoufly  afcertained  the  juftnefs  of  this 
mode  of  analyfis,  by  trying  it  on  an  artificial  compound 
of  iron  and  phofphoric  acid.  It  is  evident^  as  Ker  ob- 
serves, that  in  Scheele's  experiment,  the  alkali  decom* 
pofed  the  (iderite,  fcparated  the  iron,  and  remained  united 
with  the  acid  in  the  lixivium ;  that  by  adding  the  folu- 
tion  of  mercury  to  this  lixivium  (previoufly  Saturated  by 
nitrous  acid,  in  order  to  engage  the  Superfluous  alkali) 
the  phofphoric  acid  was  combined  with  the  mercury, 
and  this  compound  being  infoluble,  was  precipitated, 
while  the  alkali  united  with  the  nitrous  acid.  The  vola- 
tility of  mercury  by  heat  gave  an  opportunity  of  difen- 
gaging  it  from  the  acid,  while  this  acid,  uniting  with  the 
charcoal,  formed  phofphorus.  By  the  fame  proceSs, 
Scheele  afcertained  the  prefence  of  the  phofphoric  acid 
in  the  native  P ruffian  blue, 

Lelievre  has  difcovered,  near  .Limoges,  a  perfect  native 
phofphat  of  iron,  t.  e,  the  iron  is  entirely  Saturated  by  the 
phofphoric  acid  ;  it  is  of  a  red  brown  colour,  is  Semi- 
transparent,  and  has  a  foliated  texture. 

Even  when  concentrated,  this  acid  only  acts  weakly 
upon  tin  ;  it  corrodes  it,  and  a  very  unpleafant  Smell  is  Tin. 
emitted,  according  to  Margraaf ;  at  the  fame  time,  the 
phofphoric  acid,  which  has  remained  upon  this  metal, 
neither  Suffers  any  precipitation  by  alkalis,  nor  is  there 
any  perceptible  lofs  oS  weight  in  the  metal  itfelf.  There 
is  no  precipitation  even  by  tin,  in  a  Solution  of  phofphat 
of  copper.  The  calx  of  tin  is  in  part  diflblved  in  this 
acid,  but  in  Small  quantity  ;  but  it  is  in  part  So  changed 
as  to  be  very  verifiable  in  the  fire,  according  to  Wenze), 
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Quickfiiver.  According  to  Margraaf,  this  acid  has  no  action  on  the 
calx  of  mercury  precipitated  by  an  alkali.  Morveau 
found,  that  when  the  phofphoric  acid  was  digefted  upon 
quickfiiver,  almofl  to  drynefs,  then  difTolved  again  and 
filtered,  on  the  addition  of  an  alkali,  a  whitifli  appear- 
ance was  produced,  but  by  evaporation,  a  brownifh  mag- 
ma was  obtained  ;  yet,  neither  could  the  vitriolic  acid, 
nor  ammonia,  nor  even  lime  water  detect  the  prefence 
of  mercury  in  it.  Lavoifier  digested  diluted  phofphoric 
acid  with  pure  quickfiiver  for  fome  months,  in  the  cold, 
without  any  effect. 

According  to  Margraaf,  this   acid  perfectly  diffolves 

Arfenic.  white  arfenic ;  the  evaporated  folution  affords  a  black 
mafs,  which  is  tenacious,  and  for  the  molt  part  volatilifcs 
on  expofure  to  heat.  It  has  very  little  or  no  action  on 
the  regulus ;  according  to  Morveau,  a  drop  of  alkali  pre- 
.  cipitates  from  the  acid  digefted  upon  it  a  white  earthy 
precipitate,  but  the  fecond  drop  redhTolves  it. 

Zinc  According  to  Wenzel,  the  phofphoric  folution  of  zinc 

is  incapable  by  evaporation  of  being  brought  to  cryflallize, 
as  it  affords  only  a  white  tranfparent  mafs,  fimilar  to 
gum  arabic,  which  before  the  blowpipe  is  converted  into 
a  tranfparent,  eafily  fufible  glafs.  This  phofphoric. folu- 
tion is  precipitated  by  alkalis  to  a  white  verifiable  pow- 
der. The  uncryflallized  mafs,  according  to  Morveau,  is 
eafily  diffolved  by  water,  without  decompofltion. 

Crell,  reflecting  on  Scheele's  method  of  feparating  the 
phofphoric  acid  from  it's  union  with  fixed  alkali,  by 
means  of  the  double  affinity  of  the  nitrous  acid  to  the 
4alkali,  and  of  mercury  to  the  phofphoric  acid,  con- 
trived a  new  procefe  for  obtaining  phofphorus  from 
bones,  viz.  by  melting  burned  bones  with  fixed  alkali, 
lixiviating  the  melted  mafs,  faturatingthe  filtrated  lixivium 
with  nitrous  acid,  adding  to  the  faturated  liquor  a  folu- 
tion of  mercury  in   nitrous  acid,   till  the  precipitation 
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ceafed ;    and  laftly,   by  adding  to  the  precipitate  fome 
powdered   charcoal,   and  diflilling  the   mixture   till  the 
mercury  firft  came  over,  and  then  the  phofphorus.     He 
propofed   afterward  to  fubftitute,  for   the  fake  of  cheap- 
nefs,  vitriol  of  zinc  to   the   folution  of  mercury.     But 
Weftrumb  affirms,  that  this  fubftitute  did  not  fucceed 
well,  little  or  no  phofphorus  being  thus  produced.  From 
the  experiments  he  made  on  this  fubject,  Weftrumb  con- 
cludes, that  vitriol  of  zinc  is  not  capable  of  decompofing 
completely  the  phofphoric  fait  with  bafis  of  fixed  alkali  : 
2d.   that  the  phofphoric    acid  united  with  zinc  cannot 
be   eafily  feparated  from  this   bails,  but  that  they  rife 
together  in  the  form  of  flowers  :  3d.  that  this  acid  having 
a  ftronger  affinity  to  zinc  than  to  any  other  metallic  fub- 
flance,  is  ftill   lefs  capable  of  being  feparated  from   this 
metal  by  addition  of  inflammable  matter,  than  it  is  from 
iron,  when  united  with  this  latter  metal  in  the"  fubftance 
catted  Jiderum.     Crell  remarks,   upon  Weftrumb's  con- 
cluflons,  that  it  has  been  affirmed  by  other  authors,  that 
phofphorus  has  been  actually  obtained  by  diftilling  com- 
pounds of  phofphoric  acid  and   zinc ;    and   that  even 
Morveau  had  obtained  a  little  by  trying  the  procefs  which 
Crell  had  fuggefted,  although  not  enough  to  induce  him 
to  think   favourably  of   the   procefs   itfelf.     According 
to  Ker,   in  order  to  explain  the  difference  of  the  remits 
which  occurred  to  different  chemifts,   it  is  neceffary  to 
have  rccourfe  to  one  of    the  moft  general   and  ufefui 
maxims  in  chemiftry,  viz.  that  bodies  combine  with  each 
other  in  certain  different  proportions,  and  that  their  affi- 
nity to  each  other  varies  in  ftrength  in  the.  differently 
proportioned  compounds.     Thus  when  zinc  and  iron  are 
directly  combined  with  phofphoric  acid,  the  compounds 
formed  contain   a  much  larger  proportion   of  acid  than 
the  precipitates  do,   which  are  depofiteJ   fpontaneoufly 
from  the  folutions  of  thefe  metals  in  that  acid,  or  from 
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the  folutronft  of  other  pbofphoric  falts,  bv  adding  a  fouP 
tion  of  iron  or  zinc  in  vitriolic  or  nitrous  acids. 

If  then  the  former  compounds  of  phofphoric  acid  and 
iron,  in  which  the  acid  abounds,  be  mixed  with  charcoal, 
and  diftillcd,  the  fuperabundant  acid  will  furnifh  phof- 
phorus.  But  when  the  precipitates  are  treated  in  the 
fame  manner,  the  fmallcr  proportion  of  acid  adheres  too 
ftrongly  to  thefe  metals  to  yield  to  the  action  of  the  char- 
coal. Hence  neither  Crell's  procefs  with  the  zinc  pre- 
cipitate could  fucceed,  nor  can  phpfphorus  be  obtained 
from  fidcrlte  and  charcoal. 

Antimony.  In  the  moift  way,  according  to  Morveau,  the  phofpho- 
ric acid  difTblves  a  little  of  the  regulus  of  antimony?  but 
more  of  the  calx  precipitated  by  an  alkali.  From  this  fo- 
Iution,  alkalis  and  zinc  precipitate  an  afli-gray  powder, 
eafily  vitrified ;  and  by  evaporation,  a  dark  green  matter 
is  obtained,  very  tenacious,  which  foams  on  expofure  to 
heat,  and  is  converted  into  a  white  tranfparent  glafsi. 
What  remains  of  the  undifiblved  calx  melts,  according 
to  Wenzel,  before  the  blowpipe,,  into  an  opake,  white 
glafs. 

Bafimith.  According  to  Morveau,  this  acid  attacks  bifinnth,  and 

it  difTolves  in  part  the  calx  precipitated  by  an  alkali,  in 
fuch  a  manner,  that  from  the  clear  folution  cryuals  arifc, 
that  are  fixed  in  the  air,  and  foluble  again  in  water; 
they  foam  in  the  fire,  become  black,  and  at  laft  are  vola- 
tilized ;  it,  however,  in  part  changes  it  to  a  faline  pow- 
der, which  is  not  a&ed  upon  by  nitrous  acid,  is  not  fufi- 
ble  at  the  heat  in  which  copper  melts,  and  after  fome 
fmoke,  isbaked  to  a  light  gray  porous  fcoria. 

Alkalis  and  zinc  precipitate,  according  to  Wenzel,  the 
cryftals  of  the  phofphat  of  bifmutrr,  in  a  gray  powder, 
eafily  vitrified. 

Cobalt.  According  to  Morveau's  experiments^  this  acid  had  no 

a'&ion  en  the  regulus  of  cobalt,  even  in  the  heat;  but  it 
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dked  the  calx  at  the  boiling  point,  and  formed 
with  it  a  deep  wine-coloured  folution.  '  Crell  obferved, 
as  he  digefted  the  faline  fubftance  (containing  this  acid) 
.obtained  from  the  earth  of  bones,  at  firit,  a  yellow  folu- 
tion to  arife,  which  changed  to  a  white,  then  violet,  and 
at  lad  to  a  purple  coloured  hard  mafs.  Precipitated  co- 
balt with  the  above  phofphoric  acid  from  bones,  afforded 
in  the  cold  a  colourlefs  folution ;  but  on  boiling,  it  be- 
came as  fixed  as  the  regulus  of  cobalt.  By  folution  with 
water  a  reddifh  fluid  was  produced. 

Pulverized  manganefe,  according  to  Scheele,  although  Mangnnefe. 
it  diffblved  in  fin  all  quantity  in  this  acid,  yet  afforded  at 
laft  a  faturated  folution.  According  to  Morveau,  the  fo- 
lution of  the  calx  of  this  metal  appeared  red )  but  by 
{landing  in  the  air  became  as  white  as  the  reguline  folu- 
tion ;  again  became  red  on  being  filtrated  upon  the  calx, 
.and  again  loft  it's  colour  on  expofure  to  the  air.  Mor- 
veau  accounts  for  this  change  of  colour,  from  the  affinity 
of  the  calx  to  the  principle  of  inflammability. 

We  are  informed  by  Cornettc,  that  weak  phofphoric  Oils, 
acid  has  little  or  no  action  upon  oils.  That  which  was 
to  water  as  J  9  to  S  mixed  with  an  equal  quantity  of 
aithereal  diftilled,  or  expreflcd  oils,  of  a  fimilar  temper- 
ature with  itfelf,  at  firft  fell  down  to  the  bottom,  without 
effecting  any  change;  but  on  being  ftirred  they  became 
thicker,  darker,  and  more  fixed  ;  while  it  became  fomc- 
what  refmous,  and  in  boiling  water,  in  which  it  was  very 
foluble,  appeared  milk  white.  Mild  drying  oils  produce 
lefs  heat  with  it,  become  at  firli  likewife  thickened  by  it, 
but  on  ftanding,  -fcparate  in  a  thinner  ftatc  than  before, 
and  are  made  bv  it  foluble  in  alcohol.  It,  however, 
retains  fomething  of  the  oils,  which  is  evident  from  it's 
milk-white  folution  in  water.  The  colour,  confiftence, 
and  heat  of  mild  fat  oils  are  lefs  changed  by  this  acid, 
and   they  do  not   become  foluble  in  alcohol,  in  cqn/e- 
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quence.     No  oil  is  (Milled  with  this  acid  that  is  butyra- 
ceous,  and  no  foap  is  produced  with  it. 

According  to  Morveau,  this  acid  has  an  evident  efTecl: 
upon  oils;  mixed  in  equal  parts  with  olive  oil,  it  becomes, 
by  agitation  alone,  of  a  fawn  colour,  which  remains  even 
after  the  feparation ;  this  made  ftill  increafes,  if  the 
mixture  be  digefted,  the  acid  occupying  the  bottom  part 
is  thickened,  the  layer  of  oil  in  contact  with  it  becomes 
black  and  carbonated,  the  whole  acquires  a  flrong  odour, 
refembling  that  from  a  mixture  of  ether  and  oil  of  tur- 
pentine ;  the  acid  preferves  this  odour,  even  after  having 
been  diluted  with  a  large  quantity  of  water,  and  filtrated  ; 
and  the  oil  dill  retains  it  after  diflillation.  Thus,  thefe  two 
fubflances  are  reciprocally  changed,  and  the  academicians 
of  Dijon  were  right  in  obferving,  that  this  circumflance 
ought  to  be  attended  to,  as  being  able  to  call  fome  light 
on  Dippel's  oil,  which  is,  perhaps,  only  the  product  of 
the  ethereal  union  of  the  phofphoric  acid  with  theeffen- 
tial  animal  oil. 

Alcohol.  Margraaf  has  obferved,  that  the  phofphoric  acid  is  in- 

foluble  in  fpirit  of  wine;  this  has  been  confirmed  by 
Wenzel ;  and  Rouelle,  as  before  obferved,  has  attempted, 
from  this  property,  the  purification  of  this  acid.  Wen- 
zel places  the  acid  fait  of  urine  in  the  clafs  of  fub- 
ilances  infoluble  in  fpirit  of  wine.  De  'Laflbne  and 
Cornette,  fay,  that  it  coagulates  the  phofphoric  acid  as 
well  as  the  lymph  of  animals;  and  Scheele,  in  his  Dif- 
fertation  on  Ether,  indicates  fpirit  of  wine,  as  a  very 
good  vehicle  to  take  away,  by  diflillation,  the  phof- 
phorus  that  may  happen  to  remain  in  this  acid ;  yet,  a 
long  time  ago,  the  academicians  of  Dijon  obferved,  that 
from  the  mifcibility  of  thefe  two  fluids,  there  was  always 
a  lofs  on  purifying  the  phofphoric  acid  according  to  the 
procefs  of  Rouelle.  This  obfervation  has  been  con- 
firmed by  Lavoifier,  who  mixed  in  different  proportions, 
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fpirit  of  wine  and  phofphoric  acid,fometimes  concentrated,  at 
other  times  phlegmatic;  and  who  affirms,  that  the  effects  are 
much  the  fame  as  thofe  arifing- from  the  mixture  of  this 
acid  with  water ;  that  heat  is  equally  produced,  and  that  the 
thermometer  rifes  nearly  to  the  fame  degree.     Laftly,  in 
a  memoir  published  in   17 S3,  the  Duke  de   Chaulnes 
recommends  the  purification  of  the  native  phofphat  of 
urine   by  fpirit   of   wine ;    and   afferts,   that    the   acid, 
which  remains  in  the  retort  after  the  diftillation  of  the 
impure  fait,   is  deliquefcent ;  and  that  what  is  purified 
leaves  an  acid,    which  preferves    it's  tranfparency  and 
folidity  in  the  air.     From  the  difference  of  thefe  che- 
mifts,   Morveau   is   of  opinion,  the  queftion  would  be 
difficult  to  determine,  if  the  greater  or  lefs  ftate  of  pu- 
rity of  the   acid   they  ufed  was   only   confidered,   that 
which  Lavoifier  and  the   academicians  ufed  being  pre- 
pared by  the  combuftion  of  phofphorus.     But  he  thinks 
it  very  probable,  that  it  ftill  contained  fome  undecom- 
pofed  phofphorus ;  and  it  is  well  known,  that  phofpho- 
rus is  foluble  in  fpirit  of  wine,  although  it  may  be  faid> 
that  fo  fmall  a  quantity  could  not  fcrve  as  an  intermedium 
to  fo  large  a  portion  of  acid.     Morveau,  therefore,  con- 
cludes, that  the  phofphoric  acid  does  not  form  an  excep- 
tion to  the  general  law,  which  fubmits  all  acids  to  folu- 
tion  by  fpirit  of  wine,  only  in   proportion  as  they  lofe 
their  acid  characters,   whether  by  taking  a  bails,  or  by 
being  deprived  of  a  portion  of  their  acidifying  vital  prin- 
ciple, which  brings  us  back  to  the  hypothecs  of  the  re- 
duction of  this  acid  to  it's  radical  vi triform  principle. 

We  are  informed  by  Lavoifier  and  Cornette,  that  the 
phofphoric  acid  with  fpirit  of  wine  produces  heat  very 
evidently;  but  that  this  acid  does  not,  when  ftrong  and 
diililled  with  fpirit  of  wine,  afford  any  ether,  but  a  fluid 
which  approached  near  it  in  it's  inflammability,  according 
to  Morveau.     It  bad  an  unpleafant  fmcll,  which,  as  well 
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as  it's  manner  of  burning,   proceeded  from  a  portion  of 
phofphorus,   to  be  found  by  means  of  adding  water  to. 
the  extracted  alcohol.     The  obtaining  however  of  a  phof- 
phoric  ether  is  faid  not  to  be  void  of  all  hope  ;   for  not 
only  Weflrumb  obtained  with  a  phofphoric  acid  (ex- 
tracted from  bones,  purified  by  Wiegleb's  method  from 
the  calcareous  earth  by  means  of  fpirit  of  ammonia,  and 
from  volatile  alkali  by  means  of  heat)  and  manganefe, 
diftilled  with  fpirit  of  wine,  a  fpirit  that  fmelled  very  like 
quinces,  and  which  on  rectification  left  a  white  earthy 
mark  in  the  retort;  and  by  inflammation  upon  water,  a 
refldue  refembling  garlick  in  fmell ;  but  Cornette  like- 
wife  found,  that  on  diftilling   a  mixture  of  phofphoric 
acid  and  tartarized  alcohol,  a  fluid  firft  came  over  that 
fmelled  ftrongly  of  garlick,  then  one  that  was  ftill  ftrongec 
having  the  fmell  of  ether,  which  tailed  very  differently 
from  fpirit  of  wine ;  and  as  he  extracted  frefh  alcohol  re- 
peatedly from  the  acid  refidue,  that  which  came  over 
fmelled  always  more  aromatic ;  even  after  he  had  mix- 
ed all  the  fluid  that  came  over  with  fixed  alkali,  a  red 
matter  fell  down  during  a  lively  efTervefcence,  that  was 
difficult  of  fol 'ability  in  water,  and  not  cryftaltizable,  and 
which  he  calls  (fchwefichtes,  or  olichtes  phtifphorfah.)  ful- 
phurated  or  oily  fait  of  phofphorus    (which  Leonhardi 
looks  upon  to  be  only  impure  phofphorus).    This  being 
feparated,  the  aromatic  fmelling  fluid  on  diftillation  gave 
at  firft  a  fluid  that  fmelled  very  plealant,  but  lefs  cooling 
and  more  fuffocating,  and  which  tailed  very  differently 
from  vitriolic  ether;  it  mixed  difficultly  with  water;  and 
then   appeared  a  fluid,    lefs  pleafant  to    the  tafle   and 
fmell,  which  united  more  eafily  with  water,  and  feemed  to 
approach  to  the  firft,  as  Hoffmann's  anodyne  fpirit  does  to 
vitriolic  ether. 

Although  Margraaf,  Rouelle,  the  dukede  Chaulnes,  and 
other  chemilts  have  directed  the  purification  of  the  pbof- 
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£>horic  acid  by  fpirit  of  wine,  vet,  according  to  Ker,  there 
is  rcafon  to  believe  that  a  portion  of  it  is  foluble  in  this 
fpirit ;  for  Lavoifier  obferved,  that  not  only  heat  was  ex- 
spted  on  mixing  thefe  two  fluids,  but  when  they  were  dif- 
tilled,  the  acid  was  volatilized,  as  the  liquor  which  palTed 
was  ftronglv  acid,  of  a  pungent,  unpleafant,  arfenical 
fmell,  inflammable  with  fmoke  and  mifcible  with  water 
in  all  proportions ;  it  precipitated  filver  and  mercury,  but 
not  gold  from  their  folutions,  and  although  not  an  ether^ 
it  appeared  an  approximation  to  it. . 

Prieftley,  who  had  obferved,  that  this  acid   faturated  Opinibn  of 
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with  red  nitrous  vapours  became  or  a  deep  indigo  colour, 
has  announced  another  property  of  it,  ftill  more  curious. 
Having  digefted  it  upon  feme  minium  from  which  he 
had  expelled  all  the  air  by  heat,  and  which  was  confe- 
quently  in  the  fame  ftate  as  when  it  affords  vital  air  by  the 
nitrous  acid,  he  obtained  by  means  of  heat  a  great  quantity 
of  elaftic  fluid,  that  came  over  in  a  very  turbid  ftate; 
fcarcely  precipitated  any  lime  water,  but  was  very  in- 
flammable, burning  with  a  brilliant  white  flame,  and  had 
the  odour  of  phofphorus  ;  the  minium  was  changed  from 
yellow  to  a  deep  gray,  and  almoft  black  colour,  Mo'f* 
veau,  on  adding  this  faer.  to  thofe  of  the  revivification  of 
gold  in  aqua  regia,  and  the  flow  decoloration  of  a  phof-, 
phoric  folution  of  manganefe,  is  inclined  to  believe,  that 
the  phofphoric  acid  retains,  even  after  having  loft  it's 
ftate  of  fulphur,  a  portion  of  phlogifton,  which  it  is 
able  to  yield  under  certain  circumftances,  and  which  at 
lead;  gives  it  the  faculty  of  acting  like  the  phlogifticated 
acid  ;  but  on  confidering  all  thefe  phenomena,  it  is  ne- 
ceflary  to  be  guarded  againft  the  phofphorus  which1  al- 
moft always  remains  undecompofed  in  the.  acid.  If  alco^ 
hoi  affifts  in  volatilizing  it,  this  chemift  has  proved,  that 
it  contributes  at  the  fame  time  to  reproduce,  even  by  the 
tnoift  way,  a  new  portion  of  phofphorus  -,  hence,  in  fuch 
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delicate  experiments,  an  acid  ought  only  to  be  trui 
that  lias  been  evaporated,  pufhed  nearly  to  a  vitreous 
itate,  and  then  abandoned  to  deliqnefcence.  To  diminish 
the  lofs  of  the  acid  taken  away  along  with  the  water,  a 
retort,  or  at  leaft  a  matrafs  with  a  long  neck  fhould  be 
made  ufe  of. 
It's  ainni-  Jffinities  of  the  pbcjpboric  acid.  According  to  Berg- 
man, the  affinities  of  the  phofphoric  acid  are  in  the  fol- 
lowing order : 

Lime.        .Zinc.  Bifmuth.     Spirit  of  wine. 

Barytes.      Iron.  Antimony.  Phlogifton. 

Magnefia.  Manganefe.  Arfenic.  He  places  in  the 
Potafh.  Cobalt.  Mercury,  fame  order  the 
Soda.  Nickel.         Silver.  earths  and  alka- 

Ammonia.  Lead.  Gold.  lis,      refpecYing 

Alumine.    Tin.  Platina.        their  affinities  in 

Copper.  Water.  the  dry  way. 
Wenzel  looks  upon  this  acid  to  have  a  greater  affinity 
m-irtcn.  t0  phlogifton  than  alkalis,  becaufe  by  the  aid  of  heat  it  is 
feparated  from  alkalis  in  the  ftate  of  phofphorus,  and  be- 
caufe phofphorus  is  neither  attacked  nor  decomposed  by 
alkalis.  But,  according  to  Morveau,  it  is  neceflary  to  re- 
collect, ift.  that  it  is  only  the  ammoniacal  phofphatthat 
pailes  to  the  ftate  of  phofphorus,  and  that  parts  with  it's 
volatile  bafis  by  the  aclion  of  heat  alone,  without  the  in- 
tervention of  a  third  fubftance  producing  this  decompofi- 
tion  by.  it's  affinity  ;  2.  that  phofphorus  is  not  the  acid, 
and  even  does  not  contain  it  entire  ;  hence  it's  affinities 
are  different.  According  to  Bergman,  this  acid  comes 
after  the  vitriolic  and  dephlogifticated  muriatic  acids  in 
the  order  of  affinities  with  refpeel:  to  phlogifton  ;  it  is 
however  certain,  according  to  Mprveau,  that  phofphorus 
is  not  decompofed  by  either  of  thefe  acids.  With  refpeel 
to  the  firft,  Morveau  obferves,  that  phofphorus  melts 
in  it  by  the  affiftance*>f  heat,  that  it  then  rifes  to  the  fur* 
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face,  and  that  the  portion  in  contact  with  the  air  gives 
fome  tokens  of  combuftion,  but  the  reft  undergoes  no 
chancy  and  LafTone  and  Cornette  appear  to  have  obferv- 
ed  the  fame.  With  refpect  to  the  fecond,  phofphorus 
was  preferved  without  any  change  in  dephlogifticated 
muriatic  acid  gas  obtained  in  a  concrete  form  according 
to  Berthollet's  method,  i,  e.  in  the  higheft  degree  of  con- 
centration and  power.  It  is  unneceffary  to  inform  the 
reader,  that  with  refpecl  to  the  affinity  of  this  acid  with 
phlogifton,  as  the  laft  principle  is  now  looked  upon  as 
merely  imaginary,  the  opinions  are  erroneous. 

Bergman  has  very  properly  placed  lime  as  fuperior  Lime. 
in  affinity  to  alkalis,  although  the  authors  of  the  Ele- 
ments of  Chemiftry,  publifhed  at  Dijon,  affert  the  con- 
trary, viz.  that  alkalis  have  a  (tronger  affinity  to  this  acid 
than  earths.  According  to  Morvcau,  if  a  cauftic  alka- 
line folution  be  poured  into  a  folution  of  calcareous  earth 
by  the  phofphoric  acid,  an  abundant  precipitate  is  imme- 
mediately  formed ;  in  confequence  of  which,  it  may  be 
fuppofed,  that  the  alkali  has  a  greater  affinity  with  this 
acid  than  the  lime;  and  it  was  this  appearance  that  de- 
ceived Lavoifier  on  the  order  of  thefe  affinities,  and  Wen- 
zel,  on  the  exiftence  of  a  peculiar  earth  in  ivory;  but  as 
Bergman  obferves,  the  calcareous  earth  can  be  only  held 
in  folution  in  this  inftance  by  the  excefs  of  acid,  and  on 
taking  away  this  excefs  of  acid  by  an  alkali,  the  infoluble 
earthy  fait  is  precipitated  ;  hence  it  is  not  a  Cm  pie  earth, 
but  real  calcareous  phofphat  that  forms  the  precipitate. 
Let  fome  lime  water  be  poured  into  a  folution  of  phofphat 
of  potafh,  and  a  precipitate  is  immediately  formed,  which 
is  the  phofphat  of  lime  ;  and  if  the  quantity  of  lime  water 
be  fufficient  the  whole  acid  will  be  thus  precipitated,  and 
the  alkali  alone  will  be*left  in  the  liquor;  this  leaves  no 
doubt  of  the  fuperior  attraction  of  the  earthy  bafis.  The 
cafe  is  different  if  a  mild  alkali  is  ufed  ;  the  phofphat  of 
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lime  is  then  decompofed  by  double  affinity,  and 
time  united  to  the  fixed  air  that  is  precipitated.  Accord- 
ing to  Morveau,  it  was  by  fuch,  means  that  the  Academi- 
cians of  Dijon  decompofed  the  oifeous  earth,  on  treating 
k  in  the  dry  way  with  an  alkali  that  contained  the  mephite 
of  potafh. 

This  acid  gives  up  it's  earthy  bafes  to  the  vitriolic,  ni- 
trous, and  muriatic  acids.  According  to  Ker,  the  fupc- 
riority  of  the  affinities  of  ponderous  earth  and  magnefia 
is,  however,  not  well  determined;  neither  has  the  affinitv 
of  thefe  earths  compared  with  that  of  alkalis  in  the  dry 
way. 

Quart*.  This  acid,  in  the  humid  way,  when  pure,  has  no  action 

upon  quartz.  The  property  it  has  of  being  reduced  to  a 
glafs  of  itfelf  would  feem  to  announce,  that  bv  the  dry 
way,  it  ought  to  be  a  very  powerful  folvent  of  all  the 
earths  ;  but  experience  does  not  coincide  with  this  appa- 
rent analogy.  Morveau  in  1779  tried  it's  fufing  nature  in 
the  public  courfe  of  the  Dijon  Academy;  the  acid  obtained 
from  phofphorus  by  flow  combuftion,  or  as  it  is  impro- 
perly called  by  deliquefcence,  was  reduced  by  evapora- 
tion to  a  dry  and  almoft  folid  confidence,  it  was  mixed 
in  this  ftate  with  an  equal  weight  of  pure  verifiable  fand, 
expofed  in  a  crucible  for  two  hours  to  the  mod  violent 
heat  of  Macquer's  furnace,  yet  the  mixture  was  not  vi- 
trified, only  a  white,  porous  opake  mafs  was  found,  and 
fo  refractory,  that  part  of  the  crucible,  which  had  been 
melted  upon  it  into  a  glafs  from  the  violent  heat,  was  not 
able  even  by  contact  to  determine  it's  fufion.  This  ob- 
fervation  agrees  with  that  of  Bergman,  on  the  little  degree 
of  action  of  the  native  phofphat  of  urine,  employed  as  a 
flux  for  quartz  expofed  before  the  blowpipe. 

Since  phofphoric  acid  has  fo  little  affinity  to  quartz,  it 
is, ^according  to  Morveau,  perhaps  only  by  it's  action 
upon  other  earths  or  fufing  faline  bodies,  that  it  attacks 
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glafs.  According  to  Ingenhoufz,  when  it  is  hot  it  dif* 
folves  glafs  exactly  like  the  fluor  acid,  but  it  is  not  certain 
whether  his  phofphQric  acid  was  pure,  and  particularly, 
exempt  from  the  mixture  of  imdecompofed  phofphorus. 
The  experiments  of  Prieftley  are  more  detailed :  this  phi- 
lofopher  employed  an  acid  obtained  from  phofphorus  by 
deliquefcence  :  he  put  fome  of  this  to  the  height  of  one 
inch,  into  a  glafs  tube  30  inches  long,  and  one  third  of 
xn  inch  in  diameter,  hermetically  fealed ;  in  this  he  kept 
the  acid  boiling  feveral  hours,  without  any  evident  alte- 
ration ;  he  only  obferved,  during  the  ebullition,  a  white 
vapour,  which  arofe  from  1 5  to  1 8  inches  above  the  furface 
of  the  acid.  He  had  hitherto  kept  the  tube  in  a  vertical 
pofition,  but  wifhing  to  turn  it,  to  let  the  liquor  pafs  to  the: 
other  end,  and  having  applied  the  flame  of  a  candle  to 
fome  part  of  the  tube  that  had  been  moiftened  with  the 
acid,  the  glafs  was  inilantly  covered  with  a  white  incruf- 
tation;  and  having  repeated  this  procefs  at  each  extre- 
mity of  the  tube  alternately,  the  whole  foon  became  fo- 
lk*, and  the  only  remaining  humidity  in  the  tube  was 
that  adhering  to  its  fide?,-  which  it  was  impofTible  tt> 
make  rim.  A  curious  circumdanee  in  this  experiment 
was,  that  when  the  tube  was  very  hot,  pencils  of  light 
were  fometimes  feen  in  the  interior,  extending  the  whok 
length  of  the'  tube  ;  and  then  one  part  of  the  tube  always 
acquired  a  flight  flratum  of  orange  coloured  matter,  equal 
to  that  which  remains  on  the  glafs  iu  which  phofphr. 
has  been  burnt  in  the  open  air.  Thefe  phenomena  af- 
ford Morveau  no  doubt  but  that  the  acid  empkned  oar- 
took  of  the  properties  of  phlogi  Plicated  phofphoric  acid, 
whether  by  containing  fome  undecompofed  phofphorus,  . 
or  by  reproducing  it  from  the  contact  of  fome  phlogiitic 
ftibftanee  being  accidentally  prefect  in  the  tube,  or  on 
the  furface  of  the  glafs.  Hence  tins  ehemid  obfen'es,:  k 
is  not  extraordinary  that  the  glafs  was  in  fome  mea' 
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attacked  and  covered  with  incruftations ;  but  it  is  diffi- 
cult to  explain  what  Pricftley  adds,  viz.  that  the  white 
matter  found  in  the  tubes  after  this  operation  did  not 
attract  humidity  from  the  air,  and  that  after  being  wash- 
ed it  did  not  preferve  any  fenfiblc  humidity  5  for  it  is  well 
known,   that  falts  formed   of  phlogifticated  phofphoric 
acid  are  deliquefcent,  and  it  is  difficult  to  conceive,  how 
the  water  which  renders  the  acid  liquid,   remains,  as 
Prieftley  fuppofes,  in  the  compofition  of  the  earthy  fait 
formed  at  the  expenfe  of  the  vitreous  matter,  without 
rendering  it  more  foluble.     Morvean,  not  fatisfied  with 
the  experiments  of  former  chemifts,  wifhed  to  know  from 
his  own  experience,  to  what  degree  the  concrete  phofpho- 
ric acid  acted  upon  glafs ;  for  this  purpofe,  he  took  a 
fmall  but  very  thick  phial   of  green  glafs  (white  glafs, 
from  the  manganefe  it  contains,  was  liable  to  error,  and 
being  charged  with  phlogifton,  is  colourlefs).     This  phial 
was  filled  with  phofphoric  acid  extracted  from  bones,  re- 
duced to  a  ftate  of  tranfparent  deliquefcent  glafs,  and  af- 
terward  pulverized,  /.  e.  the  pureft  that  can  be  obtained 
in  that  way,  the  orifice  covered  with  a  fmall  piece  of 
well  baked  pottery,   and  placed  in  a  crucible  filled  with 
quartz  fand.     After  being  expofed  to  the  fufing  heat  of 
a  furnace  for  one  hour,  he  found  the  phial  deprefied  in 
two  places,  as  to  the  reft,  but  little  deformed  ;  it  was 
however  nothing  but  a  vitreous,  folid,  and  homogeneous 
mafs,  of  a  very  light  green,  inclining  in  the  middle  to  an 
opal  whitenefs;  it  had  no  longer  any  favour  or  folubility; 
thus  the  two  glaffes  were  perfectly  mixed.     At  the  be- 
ginning a  few  vapours  had  pierced  through  the  fand,  as 
was   expected,   and   had  (lightly  agglutinated  it.     This 
chemift,  however,  confefTes,  that  this  experiment  cannot 
be  looked  upon  as  abfolutely  decifive  with  refpeel  to  the 
pure  phofphoric  glafs;  as  it  is  certain,  that  it  contained  a 
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quantity  of  oufetic  glafs,  which  might  have  an  evident 
influence  on  the  refuit. 

The  confiderable  ebullition  of  aluminous  earth  with  Chy. 
native  phofphat  in  the  eflays  by  the  blowpipe  announces, 
according  to  Morveau,  a  diffidently  marked  affinity ; 
hence,  he  has  obferved,  that  Heffian  crucibles,  in  which 
the  pureft  phofphoric  acid  was  pufhed  to  vitrification, 
were  covered  with  a  vitreous  coat.  He  does  not,  how* 
ever,  think,  that  the  infolubility  of  the  mafs,  which  he 
looks  upon  as  the  phofphoric  radical,  can  be  attributed  to 
the  formation  of  an  aluminous  fait.  If  this  was  the  cafe, 
the  crucibles  would  be  eafily  perforated,  and  they  would  be 
at  leaft  evidently  affected  throughout :  infiead  of  which, 
♦iie  vitreous  coat  is  only  fuperficial  ;  and  what  is  worthy 
of  attention,  it  is  of  a  beautiful  tranfparency,  whilft  it  is 
at  the  centre  of  the  phofphoric  glafs,  and  far  from  the 
(ides  of  the  crucibles;  and  fometimes  a  whiter  and  more 
opake  matter  is  perceived,  which  is  of  equal  infolu- 
bility. 

The  phofphoric  acid  gives  up  alkalis  to  the  vitriolic,  Alkalis, 
nitrous,  and  muriatic  acids,  even  to  the  acetous  in  the 
moift  way,  but  in  the  dry,  it  decompofes  vitriols,  nitrats, 
and  alkaline  muriats.  It  has  been  thought  to  have  a 
ftronger  affinity  to  alkalis  than  thefe  acids,  becaufe  when 
a  mixture  of  phofphoric  acid  and  nitre,  marine  fait,  or 
vitriolated  tartar  is  expofed  to  a  ftrong  heat,  thefe  falts  are 
decompofed,  and  their  bafes  are  found  to  have  united 
with  the  phofphoric  acid  ;  but  this  efiecl  dees  not  tiappen 
in  the  humid  way,  and  is  merely  the  confequence  of  the 
greater  fixity  of  the  latter  acid,  by  which  means  the  other 
acids  yield  to  the  force  of  the  fire  and  are  evaporated. 

It  precipitates  filver  from  it's  nitrous  .folution,   and  Metal?, 
mercury  from  it's  nitrous  and  vitriolic  folut'ons. 

2.  Phofpkorous  acid.     Some  years  ago  this  acid   was  [>h0f  )ho- 
•  eonfounded  with  the  phofphoric  :   chemifts  had  no  idea  luui  aud- 
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that  combuftible  bodies  might  be  united  with  different 
proportions  of  oxygen,  and  that  phufphorus  by  burning 
flowly  formed  another  acid  from  what  it  did  when  a  ra- 
pid combuftion  took  place  with  deflagration.  It  was 
Lavoifier  who  made  it  known  in  1777,  that  the  acid  ob- 
tained by  a  complete  combuftion  of  phofphorus  formed 
very  different  combinations  from  what  it  did  when  the 
combuftion  was  (low.  In  17S6,  whenMorveau  publifhed 
the  chemical  part  of  the  Encyclop.  Method,  this  acid  is 
diftinguiftied  from  the  phofphoric  by  the  name  of  acide 
pbofoborique  phlagifiiquc ;  and  he  begins  by  obferving,  that 
as  the  nitrous  acid,  on  loading  itfelf  with  nitrous  gas,  be- 
comes phlogifticated  nitrous  acid,  fo  ought  the  phofpho- 
ric acid,  that  contains  a  certain  quantity  of  undecompofcd 
phofphorus,  to  be  called  phlogifticated  phofphoric  acid  ; 
the  principles  and  properties  of  thefe,  as  well  as  of  the 
phlogifticated  vitriolic  acid,  being  entirely  analogous,  and 
each  the  folution  of  a  fulphur  by  it's  own  acid.  Sage  gives 
this  acid  the  name  of  volatile  fuming  phofphoric  acid  ;  and 
Prouft  obferves  there  is  always  a  portion  of  this  vola- 
tile phofphoric  acid,  in  the  diftiilation  of  phofphorus, 
which  is  to  the  phofphoric  what  the  fulphureous  acid  is 
to  the  vitriolic.  The  beft  account  of  this  acid  is  given 
by  Foureroy  in  his  Syfume  des  Ccnnahffances  chhniques.  It 
is  weaker  and  not  fo  powerful  as  the  phofphoric  acid ; 
contains  lefs  oxygen  ;  and  is  the  product  of  a  combuftion, 
long  and  only  luminous,  by  which  the  phofphorus  ab- 
forbs  a  fmaller  quantity  of  the  acidifying  principle,  than 
when  the  combuftion  is  rapid  and  violent. 
How  pro-  As  the  phofphorous  acid  is  never  found  in  it's  natural 
ft  ate,  it  is  prepared  artificially  by  collecting  it  in  a  proper 
apparatus  from  the  flow  and  only  luminous  combuftion  of 
phofphorus  expofed  to  the  air  of  the  atmofphere.  If 
phofphorus  be  left  expofed  to  the  atmofphere,  fo  that  the 
air  is  continually  renewed,  it  begins  by  it's  folution  in  the 
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azot  gas,  it  then  combines  by  degrees  with  the  oxygen* 
and  it's  acid  is  conveyed  into  the  atmofphere  in  the  ftate 
of  gas,  whilft  it's  fucceffive  formation  is  accompanied  by 
flafhes  of  light  ealily  obfervable  in  the  dark.  If,  how- 
ever, this  procefs  be  performed  in  a  clofe  apparatus,  with- 
out the  air  being  able  to  circulate  around  the  phofphorus, 
and  into  which  the  atmofpheric  air  is  only  permitted  in  a 
quantity  fufficient  to  keep  up  the  luminous  comhuf- 
tion,  the  acid  formed  envelopes  the  phofphorus  with  a 
vapour,  white  during  the  day,  but  luminous  at  night : 
this  condenieson  the  furfaee  of  the  phofphorus,  and  at- 
tracting the  humidity  of  the  air,  diflblves  and  falls  in  the 
form  of  .drops.  Thefe  drops  are  the  phofphorous  acid, 
but  the  proportion  of  the  principles,  phofphorus  and  oxy- 
gen, cannot  be  afcertained  on  account  of  the  water,  which 
combining  with  the  acid,  liquifies  it. 

The  method  of  procuring  it,  therefore,  is  to  have  an  ap- 
paratus that  will  admit  the  air  by  degrees,  and  receive  the 
acid  as  it  becomes  liquid.  For  this  purpofe,  rolls  of 
phofphorus  are  put  intoglafs  tubes,  open  above,  and  drawn 
to  a  point  below,  where  they  are  alio  open  ;  thefe  tubes 
are  placed  in  a  large  funnel,  fo  that  their  extreme  points 
m#y  be  directed  towards  it's  ft  em,  which  is  received  in  a 
decanter.  By  fuch  means,  the  pieces  of  phofphorus  being 
ifolated,  are  not  heated  by  contact,  and  are  not  fubject 
to  be  expofed  to  inflammation  by  a  rapid  combuftion, 
which  often  happens  when  placed  naked  by  each  other 
in  the  funnel.  The  funnel  and  decanter,  placed  on  a 
plate,  is  then  covered  by  a  glafs  bell,  having  two  fmall 
lateral  holes  with  ftoppers,  that  are  taken  out  or  not,  ac- 
cording as  it  is  neceffary  to  increafe  or  diminifli  the  com- 
buftion. The  bottom  of  the  bell  repofes  upon  water,  with 
which  the  plate  is  covered,  and  which,  at  the  fame  time, 
affords  the  acid  a  proper  menftruum.  The  liquid  phof- 
phorous acid  runs  by  degrees  into  the  decanter,  and  about 
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three  times  the  quantity  of  the  phofphorus  is  obtained  of 
it,  which,  before  it's  difference  from  the  phofphoric  acid 
was  known,  went  by  the  name  of  phofphoric  acid  by  deli- 
quefcence.     The  phenomena  accompanying  the  formation 
of  this  acid,  the  weak  light,  and  infenfible  heat,  fo  diffe- 
rent from  the  burning  ardour  and  lively  flame  obferved 
during  the  preparation  of  the  phofphoric  acid,  prove,  ac- 
cording to  Fourcroy,  that  this  acid  not  only  differs  from 
this  lad,  .by  a  fmaller  proportion  of  oxygen,  but  alfo  by 
the  date  of  this   acidifying  principle,   appearing  to  be 
much  lefs  falid,  and  retaining  more  heat  than  the  phof- 
phoric, and  thefe  two  differences  explain  thofe  of  it's  pro- 
perties. 
It's  proper-      The  phofphorous  acid  thus  prepared,  according  to  the 
procefs  of  Pelleticr,  is  in  the  form  of  a  white  liquid,  of 
the  confidence  of  a  firup  fomewhat  ropy,  forming  driae 
on  the  glafs  like  an  oil ;  this  confidence,  however,  varies 
according  to  the  date  of  the  air  during  it's  formation. 
It  is  more  liquid  when  the  air  is  very  humid ;  it's  fpeci- 
fie  gravity  appears  to^  be  fomewhat  lefs  than  that  of  the 
phofphoric;  it's  four,  fharp  favour,  which  fets  the  teeth 
on  edge,  is  not  very  different  from   that  of  the   phof- 
phoric, and  the  tade  is  not  able  to  didinguifh  them,  the 
excefs  of  the  phofphorus  in  this  not  being  evident.     It 
alfo  reddens  the  blues  of  vegetables  in  much  the  fame 
manner.     It  is  not  changed  by  light,  which  it  refracts 
more  drongly  than  the  phofphoric,   from   it's  denfity. 
With  heat  it  is  very  different,  and,  according  to  Fourcroy, 
it  is  byit's  action  it  is  to  be  particularly  diftinguifhed 
Differs  from  from  the  other.     When  the  phofphorous  acid  is  expofed 
phoric.        in  a  glafs  retort,  it  fird  lofes  a  part  of  it's  water;  when 
concentrated,  blebs  fuddenly  arife  from  the  bottom  of  the 
veffel,  and  burd  at  the  furface  of  the  liquid,  into  a  thick, 
white  fmoke,   fometimes   inflaming,    when    a  fufBcient 
quantity  of  air  is  in  the  apparatus.     If  this  experiment  be 
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made  in  an  open  veflbl,  each  bleb  cxpofes  to  the  air  a 
vivid  deflagration,  and  expands  an  infectious  odour,  as  if 
arifing  from  phofphorated  hydrogenous  gas.  Thefe  in- 
flammable blebs  continue  a  long  time,  and  the  phofpho- 
rous  acid  is  not  without  great  difficulty  deprived  of  the 
matter,  i.  e.  of  the  phofphorus  that  forms  them  by  it's 
difengagement,  and  thus  brought  to  the  flate  of  very  pure 
phofphoric  acid.  This,  however,  after  a  long  operation, 
is  at  laft  effected,  and  the  remaining  acid  prefents  all  the 
properties  of  the  phofphoric  already  related.  In  making 
this  experiment,  it  ought  not  to  be  forgotten,  that  the 
phofphorous  gas  only  flies  off  when  the  phofphorous 
acid  isvery  concentrated  and  hot,  a  proof,  according  to 
Fourcroy,  that  phofphorus  not  fatti rated  with  oxygen 
adheres  to  it  very  ftrongly. 

There  is  very  little  afiinity  between  oxygen  and  the  Il's  aflion 

•  '  .        upon  dift'  - 

phofphorous  acid,  although  the  laft  is  not  faturated  with  rentbydie*, 
it,  arifing,  as  Fourcroy  affirms,  from  the  great  adherence 
of  phofphorus  in  phofphoric  acid.  To  produce  it,  it  is 
in  vain  to  expofe  the  phofphoroas  acid  to  oxygenous  gas, 
it  is  only  with  extreme  flownefs  it  abforbs  a  fmall  quan- 
tity. Indeed,  it  cannot  be  converted  into  the  phofphoric 
acid  by  thofe  means,  and  it  fucceeds  only  by  a  long  ebul- 
lition ;  even  the  glafs  made  of  phofphorous  acid  appear? 
{till  to  retain  a  portion  of  phofphorus,  as  it  differs  from 
that  made  of  phofphoric  acid,  by  exhaling  often  a  fetid 
garlic  fmell,  and  emitting  fparks  of  light  on  being  rubbed 
in  the  dark,  which  pure  phofphoric  glafs  will  not.  It  is 
the  fame  with  the  phofphorous  acid  expofed  to  the  air;  is 
very  difficultly  forms  phofphoric  acid,  in  fpite  of  the  ten- 
dency of  the  azot  gas  to  difTblve  the  phofphorus  by  releas- 
ing it's  bond  with  the  phofphoric  acid.  It  may  beexpofed 
many  months  to  the  air  without  being  converted  into 
phofphoric  acid,  but  it  is  fomewhatfooner  if  it  be  diluted 
with  a  quantity  of  water.    This  indifpefitvon  of  the  acid  to 
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change,  makes  it  differ  from  feveral  other  acids  that  may 
be  compared  with  it  on  account  of  their  weak  acidifica- 
tion, and  the  fuperabundancc  of  their  radical. 

Hydrogen  and  hydrogen  gas  have  no  action  upon  the 
phofphorous  acid.  It  is  decompofed  by  carbon,  red  hot, 
which  feparates  more  phofphorus  from  it  than  from  the> 
phofphoric  acid,  beaaufe  it  contains  more.  In  the  cold 
there  is  no  change  ;  fulphur  has  no  action  upon  it  in  the 
eold,  nor  in  the  heat;  becaufe  the  excefs  of  phofphorus 
cfcapes  before  it  can  unite  to  the  fulphur.  It  has  no  ef- 
fect on  the  diamond.  The  action  of  this  acid  diluted 
with  water,  on  thofe  metals  that  decompofe  this  laft  fluid 
more  or  lefs,  differs  from  that  of  the  phofphoric,  bv  the 
hydrogen  gas  difengaged.  This  gas  contains  a  fmall 
portion  of  phofphorus  in  folution,  which  renders  it  very- 
fetid,  without,  however,  it's  being  inflammable  in  the  air, 
the  quantity  not  being  fufficiently  great.  This  difengage- 
ment  of  phofphorus  diifolved  in  hvdrogen  gas,  according 
to  Fourcroy,  announces  the  combination  that  takes  place 
to  be  only  that  of  the  phofphoric  acid  being  deprived  of 
the  fubflance  that  conftituted  it  phofphorous  acid. 

It  is  foluble  in  water  in  all  proportions,  but  on  di fen- 
gaging  this  liquid  in  order  to  concentrate  it,  the  phofpho- 
rus towards  the  end  of  the  procefs  leaves  the  acid,  which 
becomes  phofphoric  acid.  It  cannot  therefore  be  had 
folid,  not  becaufe  of  it's  adherence  to  the  water,  but  be- 
caufe it  lofes  at  the  fame  time  by  the  heat,  the  excefs  of 
phofphorus  from  which  it  derived  it's  diftinguiihing  cha- 
racter. This  acid  unites  to  mod  of  the  metallic  oxyds 
with  which  it  forms  falts  nearly  infoluble.  Some  give 
up  to  it,  even  at  a  low  temperature,  a  portion  of  their 
oxygen,  fo  that  by  approaching  to  a  metallic  ftate,  they 
convert  it  into  phofphoric  acid.  This  acid  is  ftrongerthan 
the  carbonic,  and  weaker  than  the  phofphoric  acid;  it  fe- 
parates moil'  bodies  united  to- the  flrft,  even  water,  in  the 
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form  of  gas,  and  it  gives  up  to  the  fecond  almofl  all  it  is 
united  with. 

The  phofphorous  acid,  with  alkalis  and  earths,  forms  phofphkes. 
falts  that  are  called  phofpbitcs,  of  which  the  generic  cha- 
racters are,  to  emit  a  phofphorcfcent  flame  on  being  heat- 
ed ;  to  give  a  little  phofphorus  when  expo  fed  to  a  great 
heat,  and  thus  repafs  to  the  ftate  of  phofphat,  but  in  lefs 
quantity  than  before.  The  phofphite  of  potaih  has  a  fa- 
line  acute  favour,  very  little  luminous  before  the  blow- 
pipe, very  little  deliquefcent,  very  foluble,  and  more  fo  by 
heat,  and  is  precipitated  by  the  foliations  of  lime,  barytes, 
and  ftrontian;  it's  form  is  aprifm,  with  four  fides  termi- 
nated by  a  diedral  fummit.  Phofphite  of  foda,  is  a  four- 
fided  prifm,  with  a  pyramid  of  four  fides,  it  effiorefecs 
Sightly,  is  fomewhat  more  foluble  by  heat  than  in  the 
c<)ld.  Phofphite  of  ammonia,  affords  before  the  blowpipe 
ft'rong  phofphoric  fparks,  and  a  flame  with  a  white  va- 
poury ring,  and  furni  flies  phofphorated  hydrogenous 
gas  by  diftillatien.  Phofphite  ammoniaco-magnefian 
unites  to  the  weak  property  of  the  preceding,  that  of  af- 
fording fulpbat  of  magnefia  with  fulphuric  acid.  Phof- 
phite of  alumin  is  ftyptic,  of  a  gummy  confidence,  and 
fwells  in  the  heat.  Phofphite  of  lime  is  in  the  form  of 
powder,  very  neutral,  pungent  when  acid,  not  to  be  de- 
compofed  by  any  bafis.  Phofphite  of  barytes  is  an  infi- 
pid  powder,  very  luminous  before  the  blowpipe,  the  aci- 
dule  is  more  foluble  than  that  of  lime;  it's  folution  is 
rendered  turbid  by  lime  water.  Phofphite  of  magnefia 
is  infipid,  in  flocks,  or  very  fmall  tetraedral  cryftals,  it 
efflorefces,  and  is  very  little  foluble.  With  refpeel  to  the 
proportions  of  the  component  parts  of  the  phofphites, 
they  are  as  follows  : 
Phofphite  of  potaih  . .  .  .Phofphorous  acid  . .  .  .39-5. 

Potaih 49.5- 

Water N.  U. 
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Phofphite  .of  foda Phofphorous  acid  , .  .  .16.3. 

Soda £3.7. 

Water 60. 

of  ammonia    Phofphorous  acid  .,.  .  .26. 

Ammonia 51. 

Water 23. 

oflime  ....  Phofphorous  acid  . .  .  .34. 

Lime 5\. 

Water 15. 

of  barytes   . .  Phofphorous  acid  ...  .41.7. 

Barytcs .  .51.3. 

Water 7. 

of  magnefia  .  .  Phofphorous  acid  . .  .  .44. 

Masrnena 20. 

Water 36. 

phofphites  Chemifls,  without  fufpecling  it,  have  been  employed  in 
au&akenfor  t}ie  examination  of  alkaline  and  earthy  nhofphites.  For 
uling  the  acid  prepared  from  the  flow  combuftion  of 
phofphorns,  they  imagined  they  were  forming  phofphats, 
inftead  of  which  the  formation  of  phofphites  was  the  ef- 
fect. Hence  Lavoifier  obferved  on  the  combinations  of 
the  phofphoric  acid,  from  a  rapid  combuftion,  that  if  the. 
products  of  other  ctiemifts  were  different  from  his  own, 
it  arofe  from  their  employing  another  acid,  u  e>  the  phof- 
phorous. It  is  to  Fourcroy  and  Vauquelin  that  we  are 
indebted  for  a  fy  Hematic  inveftigation  of  thefe  falts,  for 
before,  thefe  phofphites  were  little  or  not  at  all  known. 
Method  of  It  is  neceiTary  to  recollect,  that  the  phofphorous  acid 
U«&em  differs  from  the  phofphoric,  by  a  Jefs  quantity  of  oxygen, 
or  a  greater  proportion  of  phofphorns ;  that  it  is  formed  at 
a  lefs  temperature,  and  by  flow  combuftion,  that  it  may 
be  looked  upon  as  a  folution  of  phofphorns  in  the  phof- 
phoric acidj  although  it  cannot  be  thus  prepared,  becaufe 
the  heat  necefTary  for  this  folution  has  more  affinity  to 
the  phofphorns  than  this   lafl  to  the  phofphoric  acid. 
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Hence*  when  liquid  phofphorous  acid  is  heated  fame  time, 
a  luminous  thick  white  vapour  arifes  in  the  dark,  which 
is  lighted  at  a  certain  degree  of  temperature,  and  is  vola- 
tilized phofphorus,  which  being  once  feparated  from  the 
phofphorous  acid,  leaves  it  in  a  (late  of  pure  phofphoric 
acid.  Thefe  chara&eriftic  properties  of  phofphorous  acid 
are  the  real  caufes  of  thofe  that  ferve  to  diftinguifti  the 
phofphites. 

All  phofphites  are  the  production  of  art^;  by  uniting 
their  bafes  with  the  phofphorous  acid,  and  evaporating 
and  cryftallizing  the  folutions  when  capable  of  it,  and 
warning  them  well,  when  not.  Some  are  formed  by  a 
double  attraction,  by  mixing  folutions  of  phofphites  with 
thofe  of  nitric  and  muriatic  falts.  Although  thefe  phof- 
phites agree  in  fome  refpecls  with  phofphats,  they  differ 
from  them  in  others.     Their  form,  when  fufceptible  of  a  Their  pro- 

pertics. 

regular  one,  is  always  more  or  lefs  different  from  that  of 
phofphats  with  the  fame  balls.  Their  favour  is  not  the 
fame,  that  of  phofphites  having  always  fomething  fetid, 
acid  and  of  garlick,  not  perceptible  in  phofphats. 

All  phofphites  are  fufible,  afford,  on  being  heated 
in  clofe  vefTels,  a  little  phofphorus,  thus  paffing  to  the  Hate 
of  melted  phofphats,  and  are  then  unchangeable.  Be- 
fore the  blowpipe,  all  melt  into  a  vitreous,  tranfparent,  or 
opake  globule,  and  all  emit  on  fufion,  a  phofphoric  light, 
often  even  fparks  of  flame,  accompanied  with  a  ftrong 
fmell  of  garlick,  and  a  white  thick  vapour,  not  obferve^ 
in  phofphats.  After  this  vitrification,  they  are  converted 
into  phofphats,  lefs  in  quantity  than  when  phofphites. 
They  undergo  no  change  in  the  common  air,  and  differ, 
as  to  the  water  they  contain,  according  to  the  fpecies. 
Combuftible  bodies  have  no  more  effect  upon  them  than 
upon  phofphats.  Some  are  very  foluble  in  water;  others 
weakly;  and  others  not  at  all.  Several  are  more  foluble 
in  heat  than  cold,  and  cryftallize  on  cooling.     They  often, 
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reduce  metallic  oxyds  by  contact  or  by  beat,  and  then 
become  pbofpbats  by  taking  oxygen  from  thefe  oxvds. 
They  arc  nearly  all  decompofed  by  acids,  even  by  fome 
that  are  weaker  than  the  vegetable;  which  proves  this  acid 
to  have  lefs  attraction  for  the  bafes  than  the  phofphoric 
has.  This  laft  difengages  the  phofphorus  from  them. 
The  phofphorous  acid  renders  feveral  phofphites  more  fo- 
luble,  to  whfch  it  adheres,  and  which  it  brings  to  a  (late 
of  acidulous  phofphites.  The  nitric  and  oxygenated 
muriatic  acid  immediately  change  phofphites  into  more 
abundant  phofp hats.  The  bafes  have  a  diffet en t  attract 
tion  for  the  phofphorous  than  the  phofphoric  ;  hence 
phofphites  follow  different  laws  of  com pofi tion  from 
phofphats.  Lime  and  magnefia  are  here  fuperior  to  fixed 
alkalis  in  attraction.,  and  barytes  yield  it  to  lime.  They 
in  general  decompofe  other  faline  earths,  except  thofe 
with  the  fame  bans.  Nitrats  and  furoxygenated  muriats, 
with  which  they  detonate  by  heat,  change  them  into 
phofphats.  Suroxygenated  muriat  of  potam  inflames 
and  detonates  with  them  by  Ample  percuffion,  from  the 
excefs  of  phofphorus  they  contain.  They  often  reduce  to 
a  metallic  ftate,  more  or  lefs  fo,  oxyds  diffolved  in  acids. 
Such  are  the  general  characters  of  phofphites  as  defcribed 
by  Fourcroy. 

The  phofphorous  acid  attacks  glafs  in  the  humid  way, 
but  it's  action  is  flow  and  very  weak,  and  by  no  means 
to  be  compared  to  the  action  of  the  fluoric  ;  it  however 
acts  snore  powerfully  than  the  phofphoric  acid. 

Encycloped.  Method,  art.  Acide  Phofphorique,  torn.  1. 
part  1.  p.  202.  Chimie. — Firft  part  of  a  Dictionary  of 
Chemiftry  by  J.  Ker,  art.  Phofphoric  Acid. — Philofophie 
Chimique,  p.  6,  63. — The  mod  advantageous  method 
of  obtaining  phofphoric  acid,  by  Mr.  Sueron,  Apothecary 
of  Kiel,  in  thejfardifch.  Archives^No.  2. — Boyle's  Philo- 


foph.  works,  by  P.  Shaw,  M.  D.  3  vols.  art.  Artifi- 
cial Phofphori,  London,  1723. — MargraaPs  Chemifch. 
Schriftcn,  Berlin,  1708.  p.  51,  84.  1  Keil. — Mac- 
quer's  Chem.  Wcerterb.  3  K.  art.  Phofphorfaure. — Ac- 
count of  a  Memoir  of  Mr.  Prouft,  on  feveral  intereft- 
ing  Points  of  Chemiftry,  Nicholfon's  Journal,  No.  45, 
p.  355. — Crell's  Neueft.  Entdec.  t.  v.  f.  135. — Journal 
de  Phyf.  par  Roller,  t.  26.  p.  I&7,*t.  28.  p.  30— 
De  LafTone  and  Corvette,  and  in  Crell's  Chem.  Anna!. 
178G.  2.  p.  463,  Ueberfetzt  von  Mem.  de  1'Acad.  dcs 
Sciences  a  Paris,  1780 — Wenzel  von  der  Verwand  till  aft, 
f.  220.— Crell's  Chem.  Journ.  t.  4.  f.  Q3. — Sur  le  Car- 
bone  retire  du  Phofphore,  Extrait  d'une  Lettre  de  M. 
von  Crell,  au  Citn.  van  Mons.  an  de  ch.  t.  23.  p.  325. 
1797. — Extrait  par  le  Citn.  van  Mons.  fur  la  Cryftal- 
lization  de  l'Acide  Phofphorique,  ibid.  p.  7*. — Syftemc 
des  Connoiflanees  Chimiques,  he  par  A.  F.  Fourcroy, 
t,  2.  p.  43.   t.  3.  p.  230. 
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It  appeared  on  treating  of  fat,  that  bv  the  drv  diftalla-  Si-**cie 
tion  of  this  animal  mbftance,  befidcs  an  empyrcuma- 
tic,  partly  fluid,  partly  coagulated  oil,  an  inflammable 
acid  liquor  was  obtained,  from  which,  by  repeated 
diftillation,  an  acid  may  be  procured,  known  by  the 
name  of  the  febacic  acid,  or  acid  of  fat. 

Accordino-  to  Fourcroy's  definition  of  it,  it  is  an  acid  Fouro^'i 

°  J  .  ,  dcfinitton 

extracted  from  fat  by  the  action  of  the  fire,  likewife  fe-  of  it. 
paratcd  from  it  by  alkalis  and  lime,  with  the  affiftance  of 
a  ftrong  heat;  it  is  a  white,  fuming  liquid,  of  a  very 
acid  tafte  and  fmell,  forming  cryftallizable  and  fixed  falls, 
with  earth  and  alkalis,  decomposing  the  muriat  of  mer- 
cury, and  is  decomposed  by  a  flrong  heat. 

It  had  Ions;  been  fufpe&ed,  from  the  {harp  and  fen  fib 
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impreflion  which  the  miokc  of  the  fat  of  animals  made 
on  the  organs  of  fmell,  that  it  contained  a  concealed 
Souichius.  acid.  We  are  informed  by  Morveau,  that  Olaus  Ror- 
richius,  in  the  Transactions  of  Copenhagen  (Collect, 
acad,  part,  ctrang.  torn.  vii.  p.  374)  has  given  a  ftriking 
obfervation  of  the  danger  of  the  exhalations  which  arife 

o 

from  melting  fat,  which  penetrate  the  noftriis,  the  eyes, 
and  even  the  lungs.  The  effects,  however,  of  thefe  exha- 
^  latione,  were  nearly  all  the  proofs  of  an  acid  exifiing  in 
that  fubftancc.  They  were  likewife  produced  from  the 
diftillation  of  vegetable  oils,  and  fome  animal  matters 
analogous  to  them,  and  by  the  action  of  acids  in  the 
coagulation    of   fluid   oils.     It  was  principally  on  this 

Cmheufar.  ja^.  phenomenon,  that  Cartheufar,  in  his  Elements 
of  the  Materia  Medica,  printed  at  Frankfort,  in  1740, 
founded  his  opinion  of  the  exiftence  of  an  acid  in  fats. 

Thefe  opinions,  however,  were  hut  little  better  than 
conjecture ;  and  the  firft  perfon  who  proved  by  experi- 
ments, that  animal  fats  really  gave  out  an  acid,  was,  ac- 

GmetxiT^.  cording  to  Leonhardi,  Francis  Gruetzmacher,  who  pub- 

pwved  the    liflied  a  diflTertation  on  this  fubjecl:,  at  Leipfig,  in  174  8. 

cxiftf.nceof      j     ij^.  a  :n0re  exact  analyfis  of  fat,  and  a  more  con- 

an  ;icid  in 

lats'-  vincing  proof  of  the  exiftence  of  this  acid   in  fat,  was 

fchadw.       published  by   Rhades,    at   Gottingen,   in   a  little   work 

entitled,    Differ,  de   Ferro  Sang.    Hum.    Aliifq.  Liqu. 

Animal. 
Seiner  and      j     y*r^    Segner  and  Knape  pubhfhed  a  diflTertation 

iinape.  *         t?  r       ' 

on  this  acid,  which  contains  fome  well-made  and  inge- 


nious experiments  on  the  fubjecl:, 


lence  *F 

I 
d'Auuioi 


It'sexif-  The  experiments,  however,  of  thefe  chemifts  did  not 

pofedby  prevent  d'Aumont,  when  the  firft  edition  of  the  Ency- 
clopedia came  out,  from  maintaining  againft  Cartheufar, 
that  this  acid  had  no  exiftence,  and  that  there  was  no 
fuch  a  fluid  to  be  obtained  in  the  analyfis  of  flats.  Jii-; 
article  was  afterwards  corrected  in  the  Supplements  of  the 
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great  Haller,  who  positively  afierted,  that  the  human  fat  Haller  afc 
and  marrow  afforded,  by  means  of  heat,  a  volatile  em-  p^J^' 
pyreumatic  and  acid  liquor,  which  cfTervefced  with  alka- 
lis, reddened  the  firup  of  violets,  and  produced  cryftals 
by  it's  union  with  volatile  alkali. 

Macquer,   in  his  chemical  dictionary,   had  only  juft  jviacquer. 
mentioned  this  acid  ;  and    it  is  to  Leonhardi  that  che- 
mifls  are  indebted  for  the  addition   of  the  article   Fett- 
faure  in  his  'German  translation  of  that  excellent   work. 

For  the  moil  complete  differtation  on  this  fubject,  we 
are  obliged  to  Crell,  who  has  endeavoured,  by  a  number  CrcJI 
of  well-directed  experiments,  to  perfect  the  procefs  for 
the  feparation  and  rectification  of  this  acid,  and  to  deter- 
mine the  properties  of  it's  combinations  with  other  fub- 
ftances.  It  is  from  the  memoirs  of  this  celebrated  che- 
mift,  fome  experiments,  repeated  by  Maret  in  the  public 
lectures  of  the  Academy  of  Dijon,  and  what  the  illuftri- 
ous  Bergman  has  faid  of  it  in  his  treatife  on  elective  at- 
tractions, that  Morveau  has  digefted  the  article  febacic 
acidy  in  the  Encyclopedic  Methodique. 

OP   THE    PREPARATION    AND    RECTIFICATION    OF    THE 
SEBACIC    ACID. 

Crell,  in  order  to  feparate  this  acid  from  it's  oil  as  it  is  His  method 
obtained  by  the  diftillation  of  fat,  and  at  the  fame  time  J&2J2* 
to  procure  it  in  a  ftate  of  concentration  fufficient  for  the  acid  re- 
examination of  it's  properties,  made  a  great  variety  of 
experiments,  the  greater  part  of  which,  it  appears,  only 
ferved  to  convince  him  of  the  difficulty  of  this  operation. 

Having  been  perfuadeo1,  from  his  experiments  on  fat, 
that  the  febacic  acid  was  {imply  difengaged,  and  not  pro- 
duced during  the  diftillation,  he  conceived  the  hopes  of 
fixing  and  uniting  it  with  an  alkaline  bafis,  which,  at  the 
fame  time,  would  convert  the  oily  part  into  a  ftate  of 
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foap,  fo  that  nothing  further  would  be  ncceffary  than  to 
feparate  the  neutral  fait  from  the  oily  parts  of  the  foap; 
and  experience  juftified  the  theory  of  the  procefs. 

"  I  covered",  fays  he,  "  exactly  8  ounces  of  recent 
quicklime,  before  it's  extinction,  with  one  pound  of  pot- 
afh,  and  I  left  thefe  two  fubftances  in  a  glazed  earthen 
veffel  until  the  lime  began  to  be  extinguifhed.     I  then 
poured  three  pints  of  water  upon  them,  and  reduced  i^ 
by  means  of  ebullition,  to  one  quarter,   and  filtered  it. 
This  ley  was  found  to  be  as  ftrong  as  that  which  goes  by 
the  name  of  foap-boilers?  ley,  and  fupported  a  frefti  egg 
in  the  fame  manner.     1  then  took  one  quarter  of  this 
folution,  added  a  little  water  to  it,  and  boiled  it  with  one 
pound  of  ox  met,  until  all  the  humidity  was  nearly  eva- 
porated,  and  the  whole  well  combined  together.     I  then 
added  to  it  the  remaining  parts  of  the  ley,  and  continued 
to  boil  the  whole^  ftirring  it  from  to  time,  until  the  mix- 
ture became  tranfparent,  and,  as  it  were,  mucilaginous, 
and  until  it  became,   on  cooling,  of  a  gelatinous  con- 
fidence ;  it  had  then  all  the  appearance  of  common  foap 
before  common  fait  is  added  to  it." 

The  next  circumftance,  was  to  decompofe  this  foan, 
and  by  fuch  means  to  feparate  the  oil  from  the  neutral 
fait  that  would  be  formed.  To  do  this,  Crell  preferred 
alum  as  the  cheapeft  method ;  and  becaufe  he  had  no  fear 
of  it's  decompoling  the  febat  of  potafh  in  the  moifl 
way. 

He  diffblved  the  foap  prepared  with  the  fat,  in  boiling 
water,  and  added  to  it  a  little  alum,  flightlv  broken. 
Scarcely  was  it  in  the  water  when  the  fixed  oil  arofe  to 
the  Airfare;  this  hefkimmed  off,  and  repeated  the  pro- 
cefs of  adding  a!um,  and  fkimming  it,  until  nothing 
more  arofe  to  the  furface.  He  then  filtered  the  ley, 
which  was  of  a  yellow  colour,  and  had  a  bitter  tafte,  in 
order  to  feparate  entirely  the  precipitated  alum,  as  well  a? 
4 
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feme  parts  of  the  fixed  fat,  which  ftill  floated  on  the  top, 
and  he  evaporated  it  to  drynefs. 

Having  procured  by  thefe  means,  the  febat  of  potafh, 
he  endeavoured  to  difengage  the  acid  from  it  by  means  of 
alum,  in  order  to  be  certain  of  it's  patting  over  without 
being  mixed  with  the  vitriolic  acid  ;  but  he  recollected, 
that  the  contact  of  the  inflammable  matter  had  favoured  * 
the  decompofition  of  a  part  of  the  alum  ;  and  he  was 
convinced,  from  an  evident  odour  of  phlogifticated  vitri- 
olic acid,  perceptible  at  the  mouth  of  the  veflel,  that  the 
product  would  not  be  lefs  changed  with  this  foreign  acid; 
he  therefore  returned  to  the  ufe  of  the  vitriolic  acid,  as 
the  mod  fimple  method,  and  which  did  not  require  fo 
much  trouble,  or  fo  ftrong  a  fire. 

He  repeated  thefe  operations  more  at  large,  to  deter- 
mine exactly  the  proper  quantities,  and  after  many  trials, 
he  found,  that  to  fix  pounds  of  the  abovementioned  pre- 
pared foap,  of  a  gelatinous  confidence,  it  was  neceflary 
to  add  nearly  22  ounces  of  alum  previoufly  dhTolved  in 
water ;  that  after  having  filtered  and  evaporated  the  li- 
quor, nearly  2 1  ounces  of  fait  were  obtained,  part  of 
which  was  vitriol  of  potafh,  part  febat  of  potafh,  and  a 
little  alum  not  decompofed. 

To  three  parts  of  this  faline  refiduum,  four  ounces  and 
a  half  of  common  concentrated  vitriolic  acid  are  to  be 
added,  which  give  rife  to  heat  and  vapours  :  the  whole  is 
then  to  be  diftillcd  by  increafing  the  fire  by  degrees,  and 
the  produce  will  be  a  little  more  than  five  ounces  of  a 
yellow,  faming  liquor,  which  is  the  febacic  acid. 

In  general,  this  acid  is  fufneiently  pure  ',  it  is,  however, 
well  to  be  certain  of  it's  not  containing  any  vitriolic 
acid.  For  this  purpofe,  a  little  acetite  of  lead  is  to  be 
poured  on  it,  and  if  the  precipitate  be  not  perfectly  folu- 
ble  in  vinegar,  it  is  a  proof  of  the  formation  of  vitriol  of 
lead,  and  that  the  febacic  acid  contains  a  portion  of  the 
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vitriolic  acid.  But  the  mo  ft  certain  method  is,  to  redif- 
til  the  febacic  acid  upon  a  portion  of  the  fame  fait ;  and 
it  is  on  this  account  that  Crell  recommends  the  referve 
of  one  fourth  part  of  it,  becaufeit  not  only  leaves  behind 
it  all  the  foreign  falts  which  may  have  come  over  with  it, 
but  alfo  it's  yellow  colour. 

The  product  of  this  rectification  is  a  clear  col  urlefs 
acid,  ftill,  however,  faming*  and  of  a  very  penetrating 
odour. 

According  to  Morveau,  this  acid  has  been  for  feveral 
years  demonftrated  in  the  public  lectures  of  the  academy 
of  Dijon,  by  Maret ;  and  the  procefTes  indicated  by 
Crell,  have  conftantly  fucceeded,  (vide  Nouvelles  de  la 
Republique  des  Lettres  de  M.  de  la  Blancherie.  Ann. 
1/62.  No.  17.) 
Another  .'  Inflead  of  reducing  the  fat  to  a  (late  of  foap  bv  an 
alk:;'i,  it  is  generally  decompofed  by  quicklime,  in  the 
following  manner :  The  fat  is  previoufly  melted  in  an 
iron  pan,  fome  pulverized  quicklime  is  then  added,  and 
at  the  beginning  it  is  conftantly  kept  ftirring;  towards  the 
end  of  the  procefs  a  verv  (Irong  heat  is  applied,  taking 
care,  bv  railing  the  veflel,  not  to  be  expofed  to  the  va- 
pours. When  the  whole  is  become  cool,  the  fat  is 
found  to  have  undergone  a  lofs  of  folidity  ;  it  is  to  be 
boiled  in  a  large  quantity  of  water,  the  ley  filtered,  eva- 
porated, and  a  very  acrid,  brown  fait  is  obtained,  which 
is  the  febat  of  lime.  This  fait  is  very  foluble  in  water; 
but  as  it  would  be  too  tedious  and  even  difficult  to  purify 
it  completely  by  repeated  cry  utilizations,  it  is  eafier  ef- 
fected by  expoiing  it  to  a  heat  capable  of  roafting  the  oil 
that  blackens  it,  after  which  it  is  Efficiently  purified  by 
one  folution ;  it  leaves  it's  oil  on  the  filter  in  a  ftate  of 
coal,  and  nothing  remains  but  to  evaporate  it. 

As  it  is  better  to  add  more  lime  than  is  neceflary  for 


pTocurm 
it. 
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faturation,  in  order  to  multiply  the  points  of  contact  and  ; 
to  render  the  decomposition  of  the  fat  complete^  the  folu- 
tion  generally  contains  a  little  quicklime,  and  this  is  eafily 
taken  away  by  the  addition  of  forne  water  impregnated 
with  carbonic  acid,  which  does  not  decompofe  the  febat 
of  lime. 

This  fait,  diftilled  in  vitriolic  acid,  gives  up  it's  febacic 
acid  in  the  fame  manner  as  the  febat  of  potafh. 

Nature  and  properties   of  the  febacic  acid.       This  acid,  Pure  feh*. 

when  pare,  is  a  pellucid,  colourlefs  fluid  \  but  deprived 

of  it's  water,  it  is  in  a  gafeous  form.     When,  however, 

it  is  iuft  extricated- from  fat,  it  is  united  with  part  of  the  It's  proper- 
ties. 
oil,  which  gives  it  a  gold  yellow,  or  reddifh  colour.     The 

action  of  the  fire  likevvife  gives  it  a  yellow  colour. 

It's  aroma  is  infupportably  ftrong,  penetrating  and 
fuffocating. 

It's  favour  moderately  acid,  (harp,  and  burning. 

It  reddens  the  tincture  of  litmus,  butfcarcelv  the  firtrp 
of  violets,  and  it  effervefces  with  alkalis  and  earths  in 
their  mild  (late.  United  with  potafh  to  the  point  of  fa- 
turation,  it  forms  quadrilateral  daggerfhaped  cryftalsf 
fixed  in  the  air.  To  the  tafte,  they  are  (harp,  faline, 
nearly  ammoniacal,  but  milder.  This  fait  does  not  in- 
flame in  the  fire,  or  decrepitate  when  caii  on  red  hot 
coals.  On  diftillation,  gray  vapours  arife,  which  form  a 
gold  yellow,  but  very  weak  acid,  of  the  fmell  of  fpirit  of 
tartar  :  the  refiduum  is  alkaline  and  mixed  with  coal.  It 
is  decompofed  by  the  vitriolic,  nitrous,  and  muriatic 
acids  ;  and  on  diftillation  with  thefe,  it's  acid  part  is  forced 
over.  Alum  has  the  fame  effect.  On  the  contrary, 
vinegar,  fluor  and  phofphoric  acids,  and  white  arfehic, 
are  incapable,  of  decompofing  this'ialt  in  the  dry  way, 
and  confequently  of  liberating  it's  acid.  This  fait  is  the 
febaceum potr.jftnum  of  Bergman,  or  the  febat  of  potafh. 

With  foda,  it  forms  brownifh  cryftals,  which  by  mo- 
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derate  fufion,  foiution,  and  evaporation,  although  fome- 
what  difficult,  yet  at  lad  form  white  fpearfhaped  crvftals. 
This  fait  deliquefces  hy  a  gentle  heat,  but  becomes  (olid 
again  on  cooling;  from  which,  as  a  middle  point,  f 
cornered  cryftals  arife,  ending  for  the  lfloft  part  in  three- 
cornered,  pointed  pyramids.  In  the  air,  they  efflorefee 
and  become  white.  They  fefcnihle  in  tafle,  terra  foliata 
tartari . 

The  febacic  acid,  faturated  with  volatile  alkali,  affords 
a  white  ammoniacal  fait,  capable  of  fublimation,  and  re- 
fembling  common  ammoniac  in  tafte,  and  it's  cooling 
property,  but  which  cannot  volatilize  iron  and  bloodftone 
in  the  fame  manner  as  common  ammoniac. 

With  lime,  this  acid  forms  an  earthy  fait,  producing 
fexangular  cryftals  terminating  in  a  flat  furface.  The 
taue  is  fharp  and  faline,  but  not  (o  burning  as  the  muriat 
of  lime.  It  is  eafily  foluble  in  water,  but  infoluble  in 
alcohol  3  nor  does  ic  deliquefce  in  the  air.  It  is  not  de- 
compofed  by  alum. 

It  does  not  form  a  cryflallizable  fait  with  magnefia, 
but  unites  with  it  into  a  gummy  bitterifh  mafs,  tvhich  is 
very  deliquefcent  in  the  air,  called  by  Crell,  fal  amarum 
an  i  male. 

This  acid  unites  to  the  earth  of  alum  with  the  greateft 
difficulty.  This  earth,  precipitated  by  fixed  alkali,  and 
ftiil  moift,  on  being  diffolved  and  expofed  to  evaporation, 
formed  with  it  a  fhapelefs  fait,  that  was  harfh,  and  con- 
tracted the  organs  of  tafte. 

This  acid,  according  to  Crell,  has  no  action  on  rllex; 
but  Morveau  is  difpofed  to  believe,  that  it  acts,  if  not 
upon  pure  quartz,  at  leaft  upon  glafs.  Crell  having  di- 
geited  it  feveral  times  upon  gold,  always  obtained  a  white, 
earthy  precipitate,  which  was  not  calcareous  earth;  and 
Morveau  thinks,  that  the  acid  acts  upon  glafs  in  a  iimilar 
way  to  the  fluor  acid.     This  conjecture  appears  to  him 
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probable,  from  obferving  fince,  that  the  empyreumatic 
firupy  acid  attacked  and  very  fenfibly  waited  the  glafs. 

The  febacic  acid,  boiled  upon  gold  leaf,  and  upon  pla- 
tina, appears  to  commence  a  folution,  but  fo  weak  that 
Crell,  after  many  experiments,  defires  a  further  examina- 
tion. When  mixed  with  the  nitrous  acid,  it  diffolves 
gold,  even  in  the  cold ;  it  unites,  although  difficultly, 
with  the  calx  of  gold,  and  forms  a  cryftallizable  fait;  it 
does  the  fame  with  the  precipitates  of  platina.  The  one 
affords  yellow,  the  other  yellowifh  brown  cryftal?.  It 
precipitates  gold  from  it's  folution  in  aqua  regia  of  a  yellow 
colour,  and  platina  of  a  yellowifh  red.  Thefe  precipi- 
tates, when  edulcorated,  attract  moifture  from  the  air; 
but  that  of  the  platina,  which  is  become  grayifh  yel- 
low, the  leaft. 

It  diflblves  metallic  filver  in  fmall  quantity,  which  is 
precipitated  by  muriatic  acid,  of  a  white  colour,  and*by 
copper,  in  the  form  of  metal.  By  means  of  long  dU 
*  geftion,  this  acid  diflblves  the  calx  of  filver,  and  affords 
fmall,  dark,  coloured  cry  ftals.  It  precipitates  .this  metal 
from  it's  folution  in  the  nitrous  acid,  of  a  white  colour; 
it  deprives  the  vitriolic  acid  of  it's  filver,  but  yields  it 
to  the  muriatic. 

By  repeated  extraction  from  living  mercury,  it  changes 
it  into  a  filver  coloured  mafs,  which  is  not  decomposed 
by  common  fait,  but  refigns  it  to  copper  in  a  metallic 
ftate.  It  deprives  the  nitrous  folution  of  mercury  of  it's 
metal.  The  precipitate  obtained  from  corrofive  fubli- 
mate  is  in  great  part  diffolved  by  it  in  the  cold,  and  the 
extracted  folution,  by  a  moderate  heat,  affords  a  real 
white  fublimate,  which  is  extremely  difficult  to  be  dif- 
folved  in  water,  even  by  a  digeiting  heat,  and  affords  a 
white  precipitate  with  potafh,  which  is  therefore  very 
different  from  the  common  corrofive  fublimate.  With 
volatile  liver  of  fulphur,  this  folution  affords  a  black  pre- 
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cipitate,  wj^ich,  in  a  fhort  time,  leaves  a  cinnabar;  it 
colours  copper  white,  even  when  rubbed  upon  it  in  a  dry 
ftate.  The  lolution  of  common  corrofive  fublimate  pre- 
cipitates the  febacic  acid  white,  which  is  a  peculiar  cha- 
racter of  it,  and  fliows  that  this  acid  prefers  mercury 
before  any  other.  This  acid  changes  the  furface  of  cop- 
per, even  in  the  cold,  to  a  green  colour  \  but  by  the  affift- 
ance  of  heat,  a  folution  is  obtained,  which,  on  evapo- 
*  ration,  is  inclined  to  cryftallize,  but  deliquefces  again  in 
the  air.  It  neither  takes  this  metal  from  the  vitriolic  nor 
nitrous  acid. 

With  iron,  it  affords  a  folution  of  an  aftringent  tafte, 
and  needle-fhaped  cryftals,  which  deliquefee  in  the  air. 
It  neither  precipitates  iron  from  it's  vitriolic  nor  nitrous 
folution. 

It  only  corrodes  lead  in  it's  metallic  ftate,  and  caufes  a 
turbidnefs.  It  diffolves  minium  in  larger  quantity,  and 
changes  the  infoluble  remainder  to  a  white  powder. 
This  febacic  folution  of  lead  has  a  fweetifh  tafte,  and  is 
not  decompofed  by  common  fait.  It  precipitates  lead 
from  it's  nitrous  folution,  and  forms  with  it  white,  needle- 
fhaped  cryftals,  eafily  foluble  in  water,  which  being  eva- 
porated a  pulverized  mafs  is  produced,  not  very  capable  of 
imbibing  moifture,  but  decompofable  by  the  vitriolic 
acid.  According  to  Bergman^  it  decompofes  the  muriat 
,  of  lead.  It  precipitates  the  folution  of  the  fugar  of 
lead,  of  a  white  colour,  yet  this  precipitate  is  again  dif- 
folved  by  ftrong  vinegar,,  when  it  is  perfe&lyfrce  of  vitri- 
olic acid. 

It  corrodes  pure  tin  filings  in  the  cold,  but  more  fo  by 
heat,  to  a  yeliow  powder,  from  which  an  extremely  dif- 
agreeable  fmell  arifesj  by  repeated  filtration,  this  ft  ill 
remains  turbid ;  but  after  repofing  fome  time,  it  depofits, 
a  yellow  powder,  and  receives  a  beautiful  rofe  colour. 
This  yellow  corroded  powder  affords,  with  water,  a  white 
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fait,  which  readily  deliquefces  in  the  air.  It  deprives  the 
ree,uline  acid  of  it's  tin.  According  to  Bergman,  this 
acid  likewife  decompofes  the  muriat  of  tin. 

The  febacic  acid  has  no  effect  on  the  regulns  of  anti- 
monv  in  the  cold  ;  but  it  readily  diffolves  it  by  means  of 
heat,  and  produces,  on  evaporation,  cryftals,  which  are 
fixed  in  the  air.  If  this  acid  be  added  to  a  diluted,  fatu- 
rated,  reguline  folution  of  antimony  which  has  been  fil- 
tered, and  becomes  no  longer  turbid  by  the  addition  of 
water,  a  white,  precipitate  takes  place,  which,  after  edul- 
coration,  digeftiou  with  water,  and  evaporation  of  the 
filtered  fluid,  affords  a  whitifh  yellow  powder,  that  be- 
comes mo  iff  in  the  air,  and  produces  fmall  cryftals.  Ac- 
cording to  Bergman,  of  all  the  acids,  the  febacic  moll 
readily  unites  with  the  regulas  of  this  metal. 

It  readily  diffolves  zinc,  and  in  great  quantity;  but  does 
not  decompofe  the  vitriolic  and  nitrous  folutioris  of  this 
metal. 

This  acid  has  no  effect  on  bifmuth  in  it's  metallic 
ftate,  even  by  a  digefting  heat.  It  diffolves,  however,  it's 
calx  precipitated  from  nitrous  acid,  in  the  cold.  This  is 
precipitated  by  water,  in  the.  form  of  a  white  powder,  al- 
though neither  the  vitriolic  nor  muriatic  acid  has  any 
effect.  This  acid  alfo  produces  from  the  common  folu- 
tion of  bifmuth,  a  white  powder,  although  the  folution 
has  been  made  by  fo  diluted  a  nitrous  acid  as  not  to  be 
changed  by  the  addition  of  water.  The  edulcorated  pre- 
cipitate, digefted  with  water,  filtered  and  evaporated,  af- 
fords a  white  deliquefcent  refiduum. 

It  has  no  effect  on  the  regulus  of  cobalt,  but  readily 
diffolves  it's  calx.  This  folution  mixed  with  faltpetre, 
and  evaporated,  affords  a  fait,  which  diffolved  and  exfic- 
cated$  forms  a  fympathetic  ink.  It  does  not  precipitate 
cobalt  from  it's  nitrous  folution. 
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It  does  not  diflolve  nickel  in  it's  metallic   flate, 
forms  with  it's  calx  a  green  folution.     This  is  not  decom- 
pofed  by  the  muriatic  and  nitrous  acids. 

It  fparingly  diflblvcs  white  arfenic  in  the  cold,  by  the 
means  of  heat,  more  abundantly ;  on  becoming  cool, 
fmall  cryftals  are  depofited. 

It  has  no  effect  on  the  nitrat  of  arfenic.  It  reduces 
white  arfenic  by  diftillation.  It  diffolves  manganefe  in 
quantity,  forming  a  clear  folution,  but  does  not  decom- 
pofe  the  nitrous  folution  of  this  femimetal. 

Mixed  with  an  equal  quantity  of  highly  rectified  fpirit 
of  wine,  it  fmoaks  without  becoming  very  warm.  If 
this  mixture  be  extracted  by  a  gentle  heat  after  a  previous 
digeftion  for  fix  hours,  it  gives  a  liquid,  which  when 
added  to  water  produces  a  milky  appearance,  and  by  de- 
grees depofits  an  oily  fluid,  aad  is  a  kind  of  febacic  aether 
or  naphtha. 

The  action  of  the  febacic  acid  on  oils  has  not  been 
examined. 

With  refpect  to  the  affinities  which  the  febacic  acid 
has  to  other  fubftances,  they  are  given  by  Bergman  in 
the  following  order: 


Moift  way. 

Lime. 

Barytes. 

Magnefia. 

Potaih. 

Soda. 

Ammonia. 

Argile. 

Calx  of  Zinc. 

Iron. 

Manganefe. 

Cobalt. 

Nickel. 


Lead. 

Tin. 

Copper. 

Bifmuth. 

Antimony. 

Arfenic. 

Mercury. 

Silver. 

Gold  and  Piatina. 

Water. 

Alcohol. 

Phlogifton. 


Dry  way. 

Lime. 

Barytes. 

Magnefia. 

Potaih. 

Soda. 

Calces  of  Metals. 

Ammonia. 

Argile,# 
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From  this  flate  of  affinities  it  feems,  Bergman  has 
placed  the  earths  before  the  alkalis ;  yet  he  appears  to  be 
doubtful  of  the  alkalis  yielding  this  acid  to  the  earths, 
and  "on  perilling  his  dhTertation,  he  feems'more  willing 
to  believe  that  the  contrary  ought  to  take  place.  This 
celebrated  chemift,  however,  has  not  faid  upon  what 
ground  he  formed  this  conjecture;  but  Morveau  has 
feen  it  confirmed  with  refpecl:  to  the  cauftic  potafh, 
which  very  certainly  decompofes  the  febat  of  lime. 
Morveau,  therefore,  has  prefented  a  table  of  affinities  of 
this  acid,  in  the  Encyclop.  Method,  for  the  moifi  way,  in 
the  following  order,  acquainting  his  reader  that  the  place 
of  the  barytes  is  not  yet  well  determined.  According 

4-,  .  .  to  Morveau, 

Barytes.  Alum. 

Potafh,  Metallic  calces. 

Soda.  Water. 

Lime.  Alcohol. 

Magnelia.  Phlogiflon. 

Ammonia. 
In  the  dry  way,  the  metallic  fubftances  go  before  am*- 
monia  and  alum.     It  attracts  alum   fo  weakly,  that  if  a 
folution  of  alum  be  poured   into  a  folution  of  febat  of 
lime,  no  precipitation  takes  place. 

X>iftilled  upon  alkaline  vitriols,  it  difengages  a  little  nil* 
phureous  vitriolic  acid ;  this  decompofition  takes  place? 
according  to  Morveau,  by  means  of  the  phlogiflon, 
which  the  moij  pure  febacic  acid  always  contains. 

It  is  not  aftoniihing  that  it  precipitates  the  acidulous 
tartriie  of  potafh,  when  poured  into  a  folution  of  tartar  of 
potafh,  and  ajfo  the  nitrat  of  potafh,  although  the  nitrous 
acid  deprives  it  of  the  alkali,  in  the  moift  way,  becaufe, 
according  to  Morveau,  in  the  dry  way,  the  nitrous  acid 
becomes  weak  by  phlogiflon.  With  refpecl  to  the  mu- 
riatic acid,  when  diflilled  with  the  febat  of  potafh,  the 
acid  which  comes  over,  Crell  fays,  precipitates  the  cqr» 

N3 
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rofivc  muriat  of  mercury,  of  a  white  colour,  which  is 
the  characteriftic  of  the  fehacic  acid  :  hence  Bergman, 
who  had  under  his  eyes  the  work  of  Crell,  has  put  the 
muriatic  acid  hefore  the  febacic,  in  the  order  of  the  affi- 
nities of  alkalis,  whether  in  the  moid  or  dry  way. 

THE  SEBACIC  COMPARED  WITH  OTHER  ACIDS. 

Bebacic  jT  \s  now  pretty  well  afcertained,  that  this   acid  cxifla 

acid  com-  *  J 

pared  with  ready  formed  in  fat,  and  in  confiderable  quantity,  fince, 
s'  according  to  Crell,  two  pounds  of  fuet  afforded  him  feven 
ounces  two  fcruples  of  this  acid.  It  likewife  appears 
from  the  before-mentioned  experiments,  that  this  acid 
was  directly  feparated  from  fat  by  means  of  alkalis  and 
earths,  even  in  the  humid  way,  at  leaft  by  a  heat  too 
weak  to  be  regarded  as  the  product  of  the  fire;  which 
facts  are  fo  very  concluflve,  as  to  appear  to  Morveau  to 
need  no  other  proof. 

It  attracts  thefe  fubftances,  and  forms  new  falts  with 
their  bafes,  which  Morveau  cnWsfebats,  according  to  the 
principles  of  the  new  French  Chemical  Nomenclature. 
By  means  of  heat,  it  is  refolved  into  a  gas;  it  is  there- 
fore, according  to  the  laft  mentioned  chemift,  compofed 
of  vital  air,  the  acidifying  principle,  and  an  acidifiahle 
bafis,  like  all  other  acids. 

The  action  of  the  fire  likewife  gives  it  a  yellow  colour, 
and  it  leaves  a  refiduum  that  announces  a  partial  decom- 
poiition,  on  which  account,  Crell  regards  it  as  holding 
the  medium  between  the  mineral  acids  that  refift  a  dif- 
tilling  heat,  and  the  vegetable  acids  that  are  decompofed 
by  it. 
With  the         According  to  this  chemift,  it  has  feme  of  the  proper- 

muriatic  .  r.  ..  .,,  .      r  ; 

acid  ties  ot  the  muriatic  acid\  thus  it  forms,  with  potalh,  a 

fait  capable  of  melting  in  the  fire  without  being  decom- 
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pofed  j_it  acts  powerfully  upon  gold  when  mixed  with  it. 
nitrous  acid ;  it  precipitates  the  nitrous  folution  of  filver; 
it  forms  a  fublimate  with  mercury,  which  folution  is  not 
rendered  turbid  by  common  fait ;  and  pure  water  fepa- 
rates  antimony  from  it.  It,  however,  differs  from  it  in 
the  nioft  clear  and  evident  manner  by  precipitating  a  fo- 
lution of  corrofive  fublimate,  which  no  other  acid  is  ca- 
pable of  performing;  and  by  it's  ammoniacal  fait;,  when 
mixed  and  fublimcd  with  fait  of  iron,  not  forming  flowers 
containing  this  metal. 

This  acid  has  likewife  been  compared  to  vinegar,  for,  Vinegar, 
according  to  Bergman,  earthy  and  alkaline  febats  have  a 
very  great  analogy  with  thofe  falts  that  are  formed  by  the 
union  of  the  acetous  acid  with  the  fame  bafes;  but  it  is 
very  certain,  that  the  febats  of  potafh  and  of  foda  cryf- 
tallize  in  prifms  or  in  needles,  and  are  much  more  fixed  in 
the  fire  and  air. 

Gren  formed  a  conjecture,  that  it  was  the  acid  of  fu-  oxalic  acid. 
gar,  which  he  looked  upon  as  confirmed  by  an  experi- 
ment of  Riecken,  who,  by  extracting  moderately  ftrong 
nitrous  acid  from  o*  fuet,  obtained  a  very  pure  acid  of  • 
fugar.  Previous  to  this  experiment,  Scheele,  having 
boiled  fome  animal  fat  with  about  half  it's  quantity  of  li- 
tharge, and  a  fufficient  quantity  of  water,  procured  a  fweet 
fubflance  from  the  decanted  liquor,  which  evaporated  to 
the  confidence  of  a  firup ;  and  having  repeatedly  ex- 
tracted nitrous  acid  from  it,  afforded  him-  the  acid  of 
fugar.  The  difference,  however,  between  the  faccharine 
and  febacic  acids,  is  now  very  well  afcertained. 

Metherie  looks  upon  it  as  a  peculiar  acid  exifting  in  other  opi- 
fat  along  with  the  faccharine  matter,  whilft  it  appears  nions" 
very  probable  to  Leonhardi,  that  it  is  a  peculiar  modifi- 
cation of  the  common  vegetable  acid,  differing  in  it's 
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quantity  of  phlogifton,  and  holding  the  middle  place 
tween  the  faccharine  acid  and  vinegar. 

The  analogy  of  this  acid  with  the  empyreumatic  oily 
acids  of  fome  vegetables  is  according  to  the  opinion  of 
Morveau  much  better  eftablifhed,  than  with  thofe  already 
mentioned.     Crell  has  extracted  one  by  diftillation  of  the 
butter  of  the  cocoa,  and  having  rectified  and  tried  it's 
combinations,  he  found  it  precipitated  the  folution  of 
filver  ;  formed  a  cryftallizable  fait  with  lime,  which  did 
not  deliquefce ;  and  with   the  volatile  alkali  produced  a 
real  concrete  ammoniacal  febat,  Very  different  from  that 
which  vinegar  afford?,  &c. ;  from  which  he  thinks  that 
it  was   the  febacic  acid.     Having  likewife  found  it  in 
fpermaceti  and  in  human  fat,   and  that  of  fifh,  and  qua- 
drupeds, he  concludes,  that  this  acid  originates  from  the 
•organized    bodies   of  both   the    animal    and    vegetable 
world,  and  is  an  acid  fui  generis. 
Expeii-  The  lafl  chemift  who  has  extended  our  knowledge  on 

Thenard      tne  ^eDa:^c   ac^  'l5  Thenard.     The  principal  object:  of 
the  experiments  of  former  chemixts  was  to  prove  that  the 
product  of  the  diftillation  of  fat  contains  a  peculiar  acid 
of  extreme  volatility,  and   of  fuch  a  poignant  and  fuffo- 
cating  nature,  that  it  cannot  be  refpired  without  fome  de- 
gree of  danger.     Thofe  which  Thenard  gives  an  account 
of  prove,    1  it.  That  this  product  actually  contains   a  pe- 
culiar acid,  winch  however   fo  far  from   being  volatile, 
odorous  and  fuffocating,  is,  on  the  contrary,  folid  and  in- 
odorous.    £d.  That  it  contains  acetous  acid.     3d.  That 
this  new  acid  has  no  part  in  the  fmell  of  diftilled  fat. 
4th.  That  by  all  the  procelfes  hitherto  employed  to  ex- 
tract the  febacic  acid,   nothing  is  obtained  but  a  foreign 
acid,  and  that  conllquently  the  febacic  acid   has  not  yet 
been  known. 
Methods  of       Having  diftilled  a  considerable  quantity  of  the  fat  of 
obtaining     p0rk,  Thenard,  in  order  to  obtain  the  febacic  acid,  treated 

tne  lebacic     *  7  3  '•  *    ■ 

acid. 
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the  prod u 61  at  feveral  times  with  hot  water,  and  poured 
acetite  of  lead  into  the  liquor;  a  flaky  precipitate  was 
formed,  which  being  collected  and  dried,  was  put  with 
fulphuric  acid  into  a  retort  and  heated.     The  liquid  of 
the  receiver  had  no  character  of  acidity,  but  in  the  retort  a 
melted   fubftance  floated  at  the  top,  analogous  to  fat, 
which  being  carefully  fcparated  and  wafhed  well,   was 
boiled  with  water.     By  heat  the  water  totally  difiblved  it, 
and  by   refrigeration  cryftalline  needles  were  deposited, 
of  little  confidence ;  thefe  needles  were  acid  and  had  pe- 
culiar properties.     To  be  certain  they  were  not  the  pro- 
duel:  of  the  fulphuric  acid,  diftilled  fat  was  treated  with. 
Water,  and  the  liquor  being  filtrated  and  evaporated,  nee- 
dles were  obtained  having  precifely  the  fame  properties. 
To  procure  this  acid,   like  wife,  the  diftilled  fat  being 
treated  with  water,  the  filtrated  liquor  may  be  faturated 
with  potafh,   evaporated,  and  poured  into  a  folution  of 
lead.     A  precipitate  is  here  formed  which  is  a  febat  of 
lead,  that  is  to  be  treated  as  above  with  fulphuric  acid. 
Such  are  the  three  methods  Thenard  employed  to  obtain 
the  febacic  acid  :  according  to  this  chemift  it's  properties 
are  as  follow : 

It  is  without  fmell,  it's  tafte  flightlv  acid,  it  melts  like  it's  proper^ 

ties 

a  kind  of  fat,  considerably  reddens  tin&ure  of  turnfol, 
and  is  more  foluble  in  a  hot  than  cold  temperature.  Boil- 
ing water,  faturated  with  the  febacic  acid,  becomes  folid 
by  refrigeration  ;  alcohol  diftblves  a  large  quantity  of  it ; 
it  cryftallizes  in  fmall  needles ;  with  care  it  may  be  ob- 
tained in  the  form  of  long,  large  and  beautiful  brilliant 
lamellae;  it  precipitates  the  acetite  ahd  the  nitrat  of  lead, 
the  nitrat  of  diver,  the  acetite  and  nitrat  of  mercury ;  it 
faturates  the  caufticity  of  the  alkalis,  forming  with  them 
foluble  falts  ;  with  potafh  it  forms  a  fait  that  does  not  de- 
liquefce,  which  has  but  little  tafte,  and  which,  if  fulphu- 
ric, nitric  or  muriatic  acid  be  poured  upon  it,  becomes. 
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lurbid  and  dcpofits  fcbacic  acid;  when  it's  folution  is 
concentrated  and  mixed  with  one  of  thefe  acids  it  becomes 
folid  -}  finally,  it  does  not  render  turbid  the  water  of  lime, 
barytes  and  ftrontitcs.     Thefe  properties  diftinguiih   it 
from  all  the  other  acids,  and  prove  it  to  be  an  acid  fui 
generis. 
To  feparate      To  feparatc  the  acetous  acid  from  the  product  after  dif- 
fcidTom1'  tillationof  fat,  this  product  of  the  dialled  fat  is  treated 
the  produa  w|m  water,  the  liquor  faturated  with  potafh  and  evapo- 
latioayf  fat.  rated.     When  the  fubftance  is  dry,  Thenard  introduced 
it  into  a  retort  with  dilute  fulphuric  acid,  or  phofphoric 
acid,  and  diftilled  it,  and  an  acid  was  obtained  having  all 
the  characters  of  acetous  acid ;  with  potafh  it  forms  a  fo- 
liated fait.     This  fait  melts  in  the  heat,  and  when  expof- 
ed  to  the  air,  deliquefces  fpeedily  and  completely,   it's 
tafte  is  extremely  pungent;  with  a  folution  of  nitrat  of 
mercury,  it  forms  a  precipitate  cryftallized  in  the  form  of 
>t  fpanoles.     When  fulphuric  acid  is  poured  upon  it,  ace- 
tous acid  is  difengaged  in  abundance.     Sometimes  the 
water  with  which  the  product  of  the  diftilled  fat  has  been 
treated,  contains  fcarcely  any  thing  except  acetous  acid, 
fo  that  to  obtain  acelite  of  potafh,  nothing  more  is  necef- 
fary  than  to  evaporate  the  liquid.     The  quantity  of  fe- 
bacic  and  of  acetous  acid  formed  in  the  diftillation  of  fat^ 
varies  in  proportion  to    the  greater    or    lefs  degree  of 
heat. 
The  odorous      In  order  to  examine  the  odorous  matter  arifing  from 
dJftSVat  &*  diftillation  of  fat,  Thenard  introduced  fome  fat,  which 
examined,    had  j u ft  been  diftilled,  and  the  fmell  of  which  was   ex- 
tremely pungent,   into  a  tubulated  retort.     He  adapted 
to  the  neck  of  the  retort  a  receiver  which  contained  tincr 
ture  of  turnfol.     Having  diftilled  it  with  a  gentle  heat, 
the  receiver  became  thereby  filled  with  a  ftrong  odour, 
and  yet  the  colour  of  the  tincture  was  not  changed,  a 
convincing  proof,  he  thinks^  that  the  fmell  of  diftilled  fat 
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is  not  owing  to  an  acid  ;  befideS,  if  this  fmell  depended 
upon  an  acid,  he  thinks,  itwou|d  probably  difappear  upon 
placing  it  in  contact  with  the  alkalis,  as  the  acid  would 
then  be  abforbed,  which  is  not  the  cafe.  He  therefore  ■ 
concludes,  that  it  depends  upon  a  portion  of  the  fat,  con- 
verted into  gas,  and  undoubtedlv  changed  in  it's  nature. 

In  examining  the  different  proceffes  which  former  che-  Proceflei 

•n  i  1  i  i       c  i  •  i      m,  t    ,         hitherto  em- 

miits  employed  to  obtain  the  lebacic  acid,  Thenard  be-  ployed  for 
gins  with  CrelJ,  who  in  order  to  feparate  the  febacic  acid  ^efcbariq 
from  the  product  of  diftilled  far,  fir  ft  added  to  it  a  certain  acid  cxa- 

mined, 

quantity  of  potafh,  after  which  he  filtrated  and  evaporated 
it.  As  the  fait  he  got  was  mixed  with  oil,  he  calcined  it, 
rediffblvcd  it  in  water  and  evaporated  the  folution.  By 
this  means  he  obtained  a  fait  of  confiderahle  whitenefs 
and  of  a  foliated  texture,  which  being  put  into  a  retort 
with  fulphuric  acid  and  diftilled,  afforded  a  pungent  and 
fuming  acid.  This  procefs  however  appearing  incouve*. 
nient,  he  employed  another;  for  being  perfuaded  the  acid 
of  fat  cxifted  ready  formed  in  fat,  and  was  not  the  pro- 
duct of  diftillation,  he  formed  a  foap  with  fat  and  potafh, 
and  treated  this  foap  with  water,  in  order  to  diflfolve  the 
febat  of  potafh  formed  in  it.  But  as  the  water,  befides 
the  febat,  difiblved  alfo  fqme  of  the  fat  combined  with 
potafh,  he  added  to  the  folution  of  this  febat  of  potafh 
and  of  this  foap  afufficient  quantity  of  alum,  by  which 
he  got  febat  of  potafh  with  only  an  admixture  of  fulphat 
of  potafh  ;  this  he  evaporated,  poured  fulphuric  acid  upon 
the  dry  fubftance,  applied  heat,  and  febacic  acid  palled 
over  into  the  receiver.  In  the  chemiftrv  of  Dijon  is  a 
different  procefs  ;  the  fat  is  there  calcined  with  lime  in  a  % 

crucible  ;  the  fubftance  lixiviated  with  a  large  quantity  of 
water;  the  water  holding  the  calcareous  febat  in  folution, 
evaporated  ;  and  this  calcareous  febat  is  introduced  into 
a  retort  with  fulphuric  acid,  and  the  febacic  acid  paffes 
over  into  the  receiver. 
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Thefe  three  proccfies  Thcnard  repeated  with  great  care, 
and  obtained  the  following  refults.     The  firft  of  Crell's 
procefTes,  and  that  of  the  ehemillry  of  Dijon,  afforded 
him  an  aeid  that  had  all  the  character! flics  of  the  acetous 
acid  ;  with  potafh  it  formed  a  foliated  deliquefcent  fait,  of 
an  extremely  pungent  favour,  and  which  treated  with  ful- 
phuric  acid  gave  a  large  quantity  of  vinegar.     He  thinks 
that  if  Crell,  as  he  afTcrts,  did  obtain  a  fuming  and  pun- 
gent acid,  it  was  a  fmall  quantity  of  fulphureous  acid, 
proceeding  from  the  decompolition  of  a  certain   por- 
tion of  fulphuric  acid,  by  the  fat,  or  of  the  carbon  of  the 
acetous  acid  difengaged  from  it's  combination.     In  mak^ 
ing  the  fecond  procefs  of  Crell,  Thenard  afferts,  no  ace- 
tous acid  is  obtained,  but  an  acid  which  is  nothing  but  the 
muriatic.    In  fac%  it  forms  with  the  nitrat  of  filver  a  pre- 
cipitate infoluble  in  an  excefs  of  nitric  acid  ;  with  foda  it 
forms  cubic  cryftals.     If  fulphuric  acid  be  poured  upon 
thefe  cryftals,  a  penetrating  gas  is  difengaged,  which  on 
being  brought  into  contact  with  the  air,  gives  rife  to  va- 
pours ;  the  fame  acid  mixed  with   nitric  acid  diflblves 
gold  ;  with  the  oxyd  of  mercury  it  forms  a  volatile  fait ; 
with  potafh  a  fait  capable  of  being  fufed  without  under- 
going; decompofition.    Thefe  circumtlances,  according  to 
Thenard,  render  it  probable,  that  Crell  employed  the  pot- 
afh of  commerce,  which  always  contains  miiriat  of  pot- 
afh, for  in  repeating  this  procefs  with  pure  potafh,  no 
acid  is  obtained,  except  an  almoft  imperceptible  quan- 
tity of  vinegar.     This  vinegar  is  formed  by  treating  the 
fat  with  potafh  and  the  fulphuric  acid,  for  fat  contains  no 
acid,  according  to  this  chemjft,  not  even  when  it  is  ran- 
cid 5  at  Ieaft  he  has  feveral  times  treated  rancid  fat  with 
water,    and  uniformly  obtained  a  liquid,  which  did  not 
redden   the  tincture  of  turnfol. 
...,.].,_      According  to  Thenard,  thefe  experiments  prove  what 
he  has  already  advanced,  viz.  that  there  exitts  in  the  pro- 
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duct  of  diftilled  fat  a  peculiar  acid,  which,  inftead  of  be- 
ing volatile,  odorous  and  fuflfocating,  is,  on  the  contrary, 
iblid,  inodorous,  and  fixed  to  a  certain  degree  ;  that  be- 
fides  this  acid,  the  product  of  diftilled  fat  contains  ace- 
tous acid ;  that  the  febacic  acid  has  no  fhare  in  produc- 
ing the  fmell  of  diftilled  fat,  which  probably  depends 
upon  fome  particles  of  fat  converted  into  vapour,  and 
altered  in  their  nature.  They  prove,  befides,  that  by  the 
proceffes  of  Crell,  and  by  that  defcribed  in  the  chemiftry 
of  Dijon,  the  muriatic,  or  the  acetous  acid,  is  only  ob- 
tained ;  that  confequently,  the  febacic  acid  has  hitherto 
remained  unknown,  and  that  in  the  prefent  ftate  of  our 
knowlege,  it  is  a  new  acid. 

Thenard  obferves,  that  all  the  experiments  he  made 
was  with  hog's  lard,  and  that  he  has  not,  like  Crell, 
varied  them  with  human  fat,  the  marrow  of  the  ox,  and 
tallow.  He  concludes,  by  propofing  to  repeat  them  with 
thefe  different  fatty  fub (lances  ;  but  expects  to  obtain  ii- 
milar  remits.  He  has  not  yet  examined,  he  fays,  all  the 
properties  of  the  febacic  acid ;  but  intends  to  inveiligate 
them  with  care. 

For  a  more  exact  determination  of  the  affinities  of  this 
acid  with  other  fubftances,  both  in  the  wet  and  dry  way, 
a  nicer  examination  of  the  degrees  of  folubility  of  it's 
earthy,  faline,  and  metallic  neutral  falts,  in  water,  alco- 
hol and  other  fluids  ;  a  further  inveftigation  of  it  in  it's 
gafeous  (late,  and  a  future  proof,  whether,  like  molt 
acids,  it  forms,  with  lime,  a  body  *vhich  emits  light  in 
the  dark,  muft  be  left  for  future  experiments. 

Franc.  Gruetzmacher,  DiiTertat.  de  Offium  Medulla. 
Lipfiae,  1748. — Jo.  Andr.  Segner  et  Dan.  Henr.  Knape, 
Differt.  de  Acido  Pinguedinis  anirnalis,  Goetting.  1/54. 
— Macquer's  Chymifch.  Wcerterbuch,  von  Leonhardi. 
t.  2.  p.  207.  Fettfaure   Letp.  1701.— Thilofophie  Chi- 
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mique  par  Fourcroy,  ed  van  Moils,  Bruxelles.  An.  3.~ 
Marets  neucn  Vcrfuchen  in  Creii's  Annal.  1/S6. — Lo- 
rcntz  Crell's  Verfuche  mit.  der.  aus.  clem.  Kinder- 
talgc  entvvickelten  Saurc,  in  his  Chem.  Jo  urn.  Th. 
3.  2.  4. — Bergman's  Opufcula.  3. — Riechens  Er- 
fahrungen,  in  Crcll's  Chem.  Annal.  p»  2.  1786.-— 
Grcn  in  ibid.  1784. — CrelPs  Zerlegung  dcs  Walraths 
in  his  Chem.  Journ.  th.  4. — De  la  Metherie,  vide  Ro- 
ger's Journal  de  Phys.  p.  43.  t.  48. — On  the  Sebacic 
Acid,  or  Acid  of  Fat,  by  Cit.  Thenard.  Annals  de 
Chimie.  39.   193* 
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Zoomcacid.  At  the  article  flefh,  it  appeared,  that  Thouvenel  had 
mentioned  a   faline  fubftance,   which,   mod  probably, 

Difcovered  is  the  acid  difcovered  by  Berthollet,  by  the  name  of  the 

}fcyt.  l  zoonic.  It  is  well  known,  that  the  liquor  extracted  by 
diftillation  from  animal  fubftances,  only  appeared  to 
contain  carbonat  of  ammonia,  and  an  oil ;  but  Berthollet 
having  detected  this  acid  in  it,  looks  upon  it  as  a  pro- 
duel:  of  the  diftillation  of  all  animal  fubftances. 

M?thod  of  In  order  to  feparate  this  acid,  the  oil  is  firft  taken  off, 
uurv  '  and  lime  is  then  mixed  with  the  liquor  of  diftillation, 
and  the  mixture  boiled  or  diftilled.  The  carbonat  of  am- 
monia then  exhales,  and  when  the  fmell  ceafes  to  be  irri- 
tating, the  liquor  is  filtered,  a  little  more  lime  is  added  to 
itj  and  it  is  again  boiled,  until  the  odour  of  the  ammonia 
intirely  difappears.  What  remains  is  zoonat  of  lime, 
which  is  again  to  be  filtered.  Water  impregnated  with 
fixed  air  is  then  to  be  poured  upon  it,  or  refpired  air  is  to 
be  pafted  through  it  by  means  of  a  tube,  to  precipitate,  by 
the  carbonic  acid,  the  liirie  held  in  folution,  in  an  un- 
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combined  ftate.  In  order  to  obtain  the  zoonic  acid  pure 
from  the  zoonat  of  lime  remaining,  the  water  of  the  la  fly 
well  concentrated,  is  to  be  mixed  with  fome  phofphoric 
acid,  put  into  a  tubulated  retort,  and  diftilled.  The 
zoonic  acid  being  very  little  volatile,  requires  a  degree  of 
heat  approaching  ebullition,  to  make  it  pafs  over,  fothat 
the  liquor  mud  be  boiled ;  if  two  flafks  are  adapted  to 
the  retort,  none  of  it  paffes  into  the  fecond.  It  appears, 
that  in  this  procefs,  one  portion  of  the  acid  is  deftroyed 
by  the  action  of  the  heat ;  for  the  liquor,  during  it's  ftate 
of  ebullition,  becomes  brown,  and  towards  the  end  of  the 
operation,  blackifh ;  hence  it  may  be  concluded,  that 
this  acid  contains  carbon.  Berthollet  did  not  collect  the 
other  principles  which  are  difengaged  during  the  de- 
composition. 

The  zoonic  acid  has  an  odour  refembling  that  of  flem  It's  prcper- 
which  is  roafted  brown,  and  in  reality  is  then  forming. 
It's  favour  is  aufterc\  It  reddens  very  deeply  paper 
tinged  with  litmus.  It  effervefces  with  alkaline  carbo- 
nats.  It  did  not  appear  to  form  cryftallizable  falts,  with 
alkaline  earthy  bafes.  It  forms  a  white  precipitate  in  the 
water  in  which  acetite  of  mercury  has  been  diflblved^ 
and  in  that  of  nitrat  of  lead,  fo  that  it  has  a  greater  affi- 
nity to  the  oxyd  of  mercury,  than  the  acetous  acid,  and 
to  the  oxyd  of  lead,  than  the  nitrous  acid  has.  On  the 
nitrat  of  filver  it  only  acts  by  compound  affinity;  but 
the  precipitate,  in  time,  becomes  brown,  which  indicates 
that  the  precipitate  contains  hydrogen.  The  zoonat  of 
potafh,  when  calcined,  formed  no  pruffiat  of  iron  with  a 
folution  of  that  metal. 

There  feparated  from  fome  flefli  which  Bethollet  had 
kept  for  a  long  time  putrid  a  liquor  which  gave  all  the 
properties  of  acidity,  but  which  was  an  ammoniacal  fait 
with  excefs  of  acid.  This  acid,  combined  with  lime, 
appeared  fimilar  to  the  zoonat  of  lime  \  but  he  had  not  a 
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fuffieient  quantity  to  prove  exaelly  it's  identity  with  the 
zoonic  acid. 

Trommfdorf  has  reafon  to  think,  that  the  zoonic  acid  is 
nothing  but  the  febacic ;  but  he  has  not  proved  it  by  ex- 
periment. 

Thenard,  having  examined  the  zoonic  acid,  thinks  he 
has  demonstrated  that  it  is  nothing  but  the  acetous  acid 
combined  with  a  peculiar  animal  matter.  It  appears, 
however,  that  a  further  investigation  is  neceflary  before 
the  real  nature  and  properties  of  this  acid  can  be  well 
underftood. 


Notice  fur  un  Acide  retire  des  Subftances  animates, 
ou  acide  zoonique,  par  le  Citn.  Berthollet.  An.  de  Ch. 
No.  76.  p.  86.     3o  Germinal.  An.  6. 
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aAnimal  poifon?  may  be  divided  into  two  claflcs. 

1  ft.  Thofe  which  are  produced  by  animals  in  a  ftate  of  Their  divi- 
health,  and  are  employed  as  a  means  of  defence,  fuch  as 
the  poifon  of  different  fpecies  of  ferpents,  and  infects. 

2d.  Thofe  which  are  produced  by  an  animal  in  a  ftate 
of  difeafe,  and  are  communicated  to  other  animals  by 
means  of  what  is  called  contagion,  fuch  as  the  poifon  of 
the  cancer,  the  hofpital  fore,  the  venereal  virus,  that  of 
the  fmall-pox,  meafles,  and  the  miafma  that  arifes  from 
the  putrefaction  or  organized  fubftances  5  but  as  the  little 
knowledge  which  chemiftry  affords  us  of  the  nature  of 
this  clafs,  is  to  be  found  at  the  articles  pus  and  miafma 
the  prefent  will  only  contain  a  defcription  of  ihe  few  ex- 
periments and  obfervations  which  have  been  made,  to 
inveftigate  the  chemical  principles  of  the  firft  clafs. 

It  is  to  Francis  Redi,  a  celebrated  Italian  philofopher,  Redi. 
that  we  are  indebted  for  the  difcovery  of  the  humour 
that  renders  the  bite  of  the  viper  venomous.  The  an- 
cients were  ignorant  of  what  the  venom  confided,  and  of 
the  part  of  the  animal  in  which  it  refided.  Redi  was 
the  firft  who  eftablifhed  thefe  points.  In  his  treatife 
on  the  venom  of  the  viper,  it  appears,  that  he  found  it 
to  be  a  humour  refembling  the  oil  of  fweet  almonds, 
which  the  animal  conveys  with  his  tooth  into  the  wound 
it  makes  by  biting ;  but  he  was  miftaken  in  almoft  every 
tkjng  elfe  he  faid  on  the  fubjeft  of  this  poifon. 

Mead  is  the  firft  who  in  any  way  examined  the  nature  Mea^ 
and  qualities  of  it;  according  to  this  phyfician,  the -ve± 
mom  is  acid,  as  he  informs  us  it  changed  the  dye  of  lit- 
mus red,  and  even  gave  a  reddifh  tinge  to  the  firup  of 
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violets.  A  few  years  afterward,  he  retracted  every  thing 
he  had  advanced  on  the  acidity  of  this  liquor,  and 
confefTed  it  was  neither  acid  nor  alkaline. 

James.  Dr.  James,  who  afiures   us   he  repeated  the   experi- 

ments of  Mead,  found  it  to  be  likewife  acid  ;  but  rnofl 
probably  he  was  ignorant  of  the  latter  experiments  of 
that  phyfieian. 

Juflleu.  Jufficu,    perfuaded   likewife  of  the   acidity  of  this  ve- 

nom, upon  the  authority  of  Mead,  immediately  found 
a  fpecific  againft  it  in  the  volatile  alkali ;  he  was  not, 
however,  the  firft  to  recommend  it's  ufe. 

The  uncertainty  and  contradiction  of  the  fact  of  the 
acidity  of  this  poifon  invited  Fontana  to  inveftigate  the 
truth  of  it;  and,  "  I  hope"  favs  he,  "  that  there  will 
be  no  longer  any  doubt,  for  I  flatter  myfelf  to  have  dif- 
covered  the  error  into  which  Mead  happened  to  fall  when 
he  firft  examined  this  venom,  an  errour  againft  which 
Doctor  James  was  not  able  to  guard." 

He  found,  though  but  very  rarelv,  that  the  venom  of 
the  viper  gives  litmus  a  light  red  colour;  but  in  thefe 
cafes  it  was  not  very  pure,  as  he  difcovered  by  the  mi- 
crofcope  fome  globules  of  blood  floating  in  it,  and  on  ex- 
amining the  mouth  of  the  viper,  he  found  the  two  bags 
or  {heaths  that  cover  the  teeth  Sightly  inflamed.  It  ap- 
pears, that  it  is  not  uncommon  to  meet  with  thefe  ani- 
mals naturally  in  this  ftate,  and  it  is  ftill  more  common 
to  find  the  bags  reddened  after  they  have  bitten.  The  ve- 
nom is  alfo  frequently  ftained  with  blood  if  it's  recepta- 
cle be  too  ftrongly  compretled.  All  thefe  circumftances 
may  take  place,  and  in  all  of  them  the  litmus  may  be  by 
thefe  means  reddened,  without  fuppofing  an  acidity  in  the 
venom.  It  is  therefore,  according  to  Fontana,  not  un- 
likely, that  Doctor  James  had  been  deceived  in  the  fame 
manner  as  Mead,  for  it  is  certain,  that  in  the  few  cafes 
in  which  Fontana  found  the  colour  of  the  litmus  red* 
dened,  the  venom  was  not  pure,  but  mixed  with  blood. 
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According  to  Fontana,  the  venom  of  the  viper,  when  Fontana. 
pure,  appears,  when  examined  by  a  microfcope,  like  an 
oil,  of  a  more  or  lefs  yellow  colour.  It  is  contained  in 
a  veficlc  for  it's  refervoir,  which  is  enclofed  in  a  conftric- 
tor  mufclc,  fituated  in  the  jaws  of  the  animal ;  bv  this 
mufcle  the  liquid  venom  is  fqueezed  out  through  an  ellip- 
tical orifice  at  the  point  of  it's  canine  teeth. 

ft  is  perfectly  taftelcfs,  but  leaves  on  the  tongue  a  fen-  Properties 
fation  of  torpor  or  ftuperaetion  on  the  part  it  touches;  fon-ofthe 
the  tongue  particularly  feels  numbed  ;   it  even  appears  to  Vlpaf* 
be  grown  larger,   and  it's  motions  are  flower  and  more 
difficuk; 

It  neither  reddens  the  tincture  of  litmus  nor  the  blue 
juice  of  radifbes. 

In  a  liquid  ftate,  it  unites  more  or  lefs  with  acids. 

When  dry,  they  have  no  effect  upon  it,  except  that  of 
making  it  fomewhat  tenacious. 

Alkalis  have  no  more  effeA  upon  it  than  acids. 

Boiling  water  immediately  diffolves  it,  and  lofes  no 
part  of  it's  tranfparency. 

Alcohol  has  no  effect  upon  it, 

It  is  not  acted  upon  by  elfential  oils,  or  by  liepar  ful»- 
phuris. 

It  does  not  melt  when  expofed  to  the  fire. 

Caft  upon  a  red  hot  coal,  it  fwells  and  puffs  up,  but 
does  not  begin  to  inflame  till  it  has  affumed  the  appear- 
ance of  a  coal. 

From  obferving  that  the  dried  venom  appeared  to  be 
tenacious,  like  one  of  the  flrongeft  gums  when  broken 
between  the  teeth  ;  and  that  it  was  alio  foluble  in  water, 
and  not  in  alcohol,  Fontana  fufpected  it  to  be  a  gum  ; 
another  experiment,  however,  remained  to  render  this  fuf- 
picion  decifive. 

It  is  known,  that  gums  diffolved  in  water  are  precipi- 
tated by  fpirit  of  wine,  and   the  water  becomes   white. 
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Fontana,  therefore,  put  equal  portions  of  water  into  two 
fmall  glaffcs;  he  added  to  one  of  them  a  quantity  of  the 
venom,  and  to  the  other  an  equal  quantity  of  gum  arable. 
The  folution  of  the  gum  arabic,  which  was  effected  by 
heat,   being  reduced  to  the  temperature  of  the  liquor  in 
the  other  glafs,  feveral  drops  of  alcohol  were  poured  into 
each  of  the  glaffes.     Immediately  a  whitifli   cloudinefs 
appeared  in  both  folutions,  at  ever)'  drop  of  alcohol,  and 
difappeared  the   moment  after.     On  continuing  to  add 
an  equal  quantity  of  alcohol   to   each  glafs,  the  white 
cloud,  inftead  of  difappcaring,   extended  over  the  fluids, 
which  became  whiter  and  more  opake  on  every  addition  of 
alcohol.     On  ccafing  to  add  more,  the  white  matter  began 
to  precipitate,  and  a  few  drops  more  caufed  a  perfect  fepa- 
ration.     At.  the  end  of  24  hours  the  precipitation  was 
complete,  and  at  the  bottom  of  each   glafs  was  found 
nearly  the  fame  quantity  of  an  equally  white,   foft,  and 
pafte-like  fubftance. 

i  A  drop  of  venom  dried  upon  a  glafs  cracks,  on  drying, 
from  the  circumference  to  the  centre,  and  when  diffolved 
in  water,  and  precipitated  by  alcohol,  falls  dotvn  in  the 
form  of  a  white  powder  or  meal ;  this  if  dried  afrefh 
cracks  in  different  parts,  and  it's  fiffures  are  of  the  ufual 
reticular  form. 

If  clear  and  tranfparent  vitriolic  acid  be  mixed  with 
the  precipitated  and  dried  venom,  at  the  end  of  a  certain 
time,  it  becomes  of  a  dark  vinous  colour.  The  fame 
changes  are  obferved  in  the  folution  of  gum  arabic  in 
water  precipitated  by  alcohol.  This  gum,  in  drying, 
likewife  adheres  to  the  glafs,  and  cracks ;  and  if  a  few 
drops  of  vitriolic  acid  be  added,  they  become,  in  the 
fame  fpace  of  time,  of  a  dark  vinous  colour. 

The  analogy,  therefore,  between  the  venom  and  the 
gum,  according  to  Fontana,  cannot  be  more  perfect, 
They  are  both  foluble  in  water,  both  precipitated  in  the 
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fame  way  by  alcohol ;  the  precipitated  powder  or  meal  is 
of  the  fame  colour  ;  both  of  them  crack  on  drying; ;  vi- 
triolic acid  does  not  foftcn  them  till  after  fome  time,  and 
the  colour  is  changed  in  the  fame  manner  with  each  of 
thefe  fubftances.  As  a  further  proof  that  this  venom,  has 
a  great  analogy  to  the  gums,  Fontana  made  another  expe- 
riment. He  put  fix  grains  of  very  pure  dried  venom  into 
a  fmall  matrafs,  anil  added  50  drops  of  nitrous  acid.  By 
the  affiftance  of  heat' there  arofe  as  much  air,  or  perhaps 
more  than  the  matrafs  could  contain.  This  was  common 
air  fomewhat  changed  in  it's  qualities.  The  heat  being 
continued,  a  clouded  air  arofe,  which  on  examination 
was  found  to  be  compofed  of  one  third  of  fixed,  and  two- 
thirds  of  phlogiflic  air. 

Gum  arabic  under  the  fame  circumftances  likewife  af- 
forded fixed  and  phlogiftic  airs,  and  the  refill ts  of  both 
experiments  were  fo  perfectly  fimilar,  that  they  might 
have  been  confounded  together.  According  to  Fontana, 
gum  arabic  likewife  affords  nitrous  air,  but  this  only  hap- 
pens when  in  conflderable  quantity.  If  the  quantity  be 
verf  fmall,  the  little  nitrous  air  it  affords  is  decompofed, 
and  unites  to  the  common  air  in  the  matrafs. 

Hence  Fontana  looks  upon  the  venom  of  the  viper  to  An  animal 
be  a  real  animal  gum,   poffeffing  all  the  properties  and  sula' 
principal  characteriftics  of  a  gum,   and   the  only  one  of 
the  animal  kind  that  is  at  prefent  known. 

From  the  experiments  and  obfervations  of  Dr.  Ruffel,  Ruffel, 
it  appears,  that  the  poifons  of  the  different  fpecies  of  fer- 
pents  are  very  analogous  to  each  other. 

When  firft  emitted,  they  are  fomewhat  mucilaginous, 
but  become  more  fo  on '  expofure  to  the  air;  the  colour, 
from  a  pale  yellowifh  white,  becomes  more  yellow,  and 
when  dry,  they  refemble  a  yellow  flaky  rcfin.  Kept  for 
fome tinv_*  their colourbecomes  darker,- and  they  lofe  fome- 
what of  their  folubility;  for  when  recent,  according  to.this- 
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phyfician,  or  in  the  intermediate  degrees  of  exficcation, 
they  readily  mix  either  with  water  or  fpirit.  He  informs 
us,  that  a  drop  or  two  of  the  poifons  of  the  ferpents  called 
the  Cobra  de  Capello  and  Katuka  Rekula  Pocia  had  no 
tafle,  nor  produced  any  effect  on  the  tongue  or  palate,  and 
that  when  invefligated  with  the  ufual  tefts  fhowed  no  in- 
dication of  being  either  acid  or  alkaline. 

Two  drops  of  the  recent  poifon  of  the  katuka  rekula 
poda,  diluted  with  four  drops  of  fpring  water,  were  put  into 
a  wine  glafs,  No.  1 ;  and  fix  drops  of  water  into  another 
glafs,  No.  2}  into  each  glafs  was  then  permitted  to  fall 
a  tea  fpoonful  of  blood  from  the  neck  of  a  chicken,  juft* 
decapitated.  Both  mixtures  being  ftirrcd  for  five  mi- 
nutes, with  fmooth  flicks,  were  left  to  fettle.  The  blood 
in  No.  1  appeared  of  a  colour  confiderahly  darker  than 
that  in  the  other,  and  a  clot  was  found  adhering  to 
the  point  of  the  flick,  of  a  darker  colour,  and  more  gru- 
mous  confluence  than  ordinary.  To  the  ftick  belonging  to 
No.  2  a  much  fmaller  clot  adhered,  of  a  brighter  colour, 
and  more  loofe  contexture,  After  fianding  three  hours, 
the  difference  was  more  remarkable ;  the  blood  in  No.  1 
remained  uncoagulated,  and  much  blacker,  with  a  little 
livid  coloured  ferum  above  ;  in  No.  2  it  neavty  retained 
it's  primitive  colour  ;  the  craffamcntum  was  formed,  and 
a  little  ferum  of  the  ufual  colour  remained  at  top.  On  re- 
peating this  experiment,  the  glaffes  were  careful lv warmed, 

and  the  mixtures  ftirred  only  one  minute.  Very  little 
blood  was  found  adhering  to   the  Hicks,     The  fame  alt 

teration  in  colour  was  obferved  as.  before ;  but  the  blooo^ 
jn  No.  1  was  lefs  fluid  than  in  the  former  experiment, 
though  flill  much  more  fo  than  in  the  glafs  No.  2. 

Before  the  experiments  of  Fontana,  no  chcmift  ha^ 
examined  with  any  attention  the  liquor  with  which  thole 
infects  are  provided  that  wound  with  a  fling,  fuch  as  the 
fcorpion,  bee,  wafp,  &c.     Indeed  Mead  fays,  he  found 


poisons.  190 

the  humour  of  the  bee  to  be  compofed  of  very  fine  faline 
needles  or  points  ;  he  affures  us  he  had  examined  it  with  a 
microfcope,  and  found  it  full  of  thefe  pointed  falts.  Fon- 
tana  has,  however,  proved,  that  Mead  was  as  much  mif- 
taken  in  thefe  obfervations  as  he  was  in  his  experiments 
on  the  venom  of  the  viper. 

We  are  informed  by  Fontana  that  the  poifon  of  the  Venom  of 
bee,  like  thai  of  the  venom  of  the  viper,  cracks  on  dry- 
ing, and  prefents  the  ufual  iharp  and  regular  fragments, 
which  were  fuffieicnt  to  perfuade  Mead  of  it's  being  a 
real  fait. 

When  the  venoms  of  the  viper  and  the  bee  are  dried 
and  examined  through  the  leus  of  a  microfcope,  no  fen- 
fible  difference  is  to  be  obferved  between  them  ;  he  how- 
ever found  that  the  venom  of  the  bee,  expofed  to  the  open 
air  upon  a  piece  of  glafs,  was  much  longer  in  drying  than 
that  of  the  viper,  and  that  the  cracks  and  fiiiures  in  the 
former  were  formed  much  later  than  thofe  in  the  latter, 
fuppoling  the  degree  of  exficcation  of  the  two  fluids 
alike,  .   . 

Thefe  two  poifons  not  only  agree  in  the  appearances 
■*  their  parts  prefent  in  drying,  but  likewife  in  other  pro- 
perties. Thus,  if  a  piece  of  the  dried  venom  of  the  bee 
be  ftrongly  comprefled  between  the  teeth,  it  glues  them 
as  it  were  fail  together ;  and  tbe  fame  takes  place  with  the 
venom  of  the  viper  and  all  exficcated  gummy  fub- 
itances. 

The  dried  venom  of  the  bee  is  alfo  foluble  in  water, 
and  refills  the  action  of  alcohol  like  them  ;  hence  Fon- 
tana is  inclined  to  add  the  venom  of  the  bee  to  the  clafs 
of  animal  gums,  but  the  quantity  capable  of  beir.e:  col- 
lected he  found  fo  very  final!,  as  fcarcely  to  render  any 
experiments  on  this  fubjeel:  certain. 

This  celebrated  philofopher  has  likewife  examined  the  Of  the  fcor 
poifon  of  the  fcorpion,  which  is  acrid  and  pungent,  and  l*J11, 
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alio  that  of  the  wafp,  and  other  in  feels  in  general,  that 
wound  with  a  (ling.  In  all  thefe  he  found  this  humour 
to  have  a  hot,  bitter  and  acrid  tafte,  and  to  pofiefs  all  the 
characters  of  a  gum.  It  cracked,  when  left  to  dry  on 
glafs,  like  that  of  the  viper,  and  when  chewed  was  tena- 
cious, glutinous  and  elaftic. 

The  humour,  however,  of  thefe  in  feels,  is  not  to  be 
confidered  as  the  fame  as  that  of  the  viper,  and  to  poffefs 
all  it's  qualities.  It  has  been  obferved  before,  that  the 
venom  of  the  viper  has  neither  any  fenfible  tafte,  nor  is 
fufficiently  acid  to  tinge  red  the  tincture  of  litmus,  al- 
though fo  fenfible  is  this  teft,  that  -rd-go  part  of  a  grain  of 
fixed  air  is  able  evidently  to  redden  one  grain  of  the  dye 
of  litmus.  The  moment,  however,  the  humour  of  the 
infect  is  applied  to  a  piece  of  paper  ftained  with  radifti 
juice,  a  (light  red  tinge  appears,  which  afterwards  changes 
to  a  pale  yellow  ;  fo  that  it  appears  this  humour  is  united 
to  an  acid  principle,  although  in  fuch  a  manner  as  not  to 
occafion  the  fmallefl  acid  fenfation  on  the  organs  of 
tafte. 

From  the  experiments  of  this,  chemift,  therefore,  we  are 
Jed  to  regard  the  hypothefis  of  thofe  phyficians  who 
have  advanced  that  the  venom  of  the  viper  is  an  acid, 
and  that  volatile  alkali  is  a  fpecific  remedy  by  neutralizing 
the  acid,  as  falfe  and  erroneous-,  and  that  thefe  poifons 
act  on  the  body  of  animals  in  a  manner  which  is  not  at 
prefent  within  the  reach  of  the  human  mind  to  pene- 
trate. 

Sur  les  Poifons  et  fur  le  Corps  Animal,  par  M.  Fon- 
tana,  2  T.  17S1. — An  account  of  Indian  Serpents,  &c. 
by  Patrick  Ruflel,  M.  D.  F.  R.  S.  fol.  London,  1796. 
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The  fmall  volatile  particles  which  areconftantly  flviner  Animal 

aroma* 
off  from  animals  and  animal  fubftances  at  the  common 

temperature  of  the  atmofphere,  and  which  affect  more  or 
lefs  the  organs  of  ftnell,  conftitute  what  are  called  animal 
odours  or  aromata,  Thefe  aromata,  on  fubjecting  thefe 
fubftances  to  a  gentle  diftillation,  generally  come  over 
along  with  the  aqueous  portion  \  there  are,  however,  a 
few  in  which  the  want  of  volatility  of  the  odorous  parti- 
cles oblige  them  to  remain  in  great  meafure  behind.  In 
Jiving  animals  the  aroma  forms  the  fcent  of  the  parti- 
cular fpecies,  and  is  the  means  by  which  the  huntfman  is 
enabled  to  purfue  his  game,  and  the  dog  to  trace  the  foot- 
fleps  of  his  mafter.  It  was  even  the  opinion  of  Vitoft 
that  not  only  every  animal  has  it's  peculiar  odour,  but 
that  it  is  different  in  each  of  it's  parts.  Tn  Pome  bodies 
it  is  fo  very  evident  as  to  form  a  diftinguifning  character,  in 
others  the  niceft  and  mod  experienced  organs  arefcarcely 
able  to  find  a  difference.  It  is  often  made  ufe  of  as  the 
means  by  which  connoiffeurs  are  enabled  to  judge  of  the 
flighted:  imperfection  or  taint  of  the  fubftance  under  exa- 
mination, whether  of  the  different  tribes  of  animals,  or 
of  parts  of  them  which  have  been  preferved,  as  bacon, 
cheefe,  &c.  from  which  it  would  appear  that  thefe  odo- 
rous particles  depend  upon  the  peculiar  component  par's 
of  the  animal  matter.  In  certain  parts  of  fome  animals 
this  aroma  feems  to  be  more  particularly  concentrated, 
and  appears  to  have  been  either  fecreted  for  fomeunknowi 
particular  purpofc,  or  is  merely  an  excrement ;  of  thefe 
there  are  four  which  have  undergone  fome  (light  chemi- 
cal inveftigation,  viz.  Ambergris,  Cajlor,  Civet  and  Mujk, 
all  of  which  are  the  products  of  the  mammalia  clafs. 
The  flrong,  tenacious^  aromatic  odour  which  conftituU's 
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the  more  remarkable  characters  of  thefe  fubilances,  ap- 
pears, however,  not  to  be  peculiar  to  them  alone,  but 
feems  as  it' were  to  form  a  genus  of  aromata  in  nature, 
fince  many  Jubilances  offer  one  analogous  to  them,  more 
particularly  rcfembling  that  of  ambergris  and  muflc.  It 
is  found  in  fome  infects,  and  in  a  number  of  the  la- 
biated  plants,  and  the  elaboratories  of  chemiftry,  where 
animal  fubftances  have  been  analyzed,  often  give  occasion 
of  obferving  the  very  fame  aroma.  Morveau  has  ob- 
ferved  alio,  that  urine  when  brought  to  an  extract,  the 
falts  of  urine  when  moiftened,  and  the  human  bile  and 
that  of  the  ox,  when  kept  for  a  certain  time,  emit  an  odour 
of  this  fpecies  fo  flrong  as  to  have  deceived  feveral  people, 
who  could  not  believe  the  origin  of  thefe  lingular  per- 
fumes. Likewife  in  bilious  difeafes,  the  perfpiration  has 
been  fometimes  found  to  porlefs  this  odorous  character. 
The  dung  of  the  cow,  Morveau  informs  us,  has  the  fame 
property,  and  by  diftilling  alcohol  upon  this  excrementi- 
tious  matter,  an  aromatic  liquor  is  prepared  by  the  name 
of  eau  de  milk  fleurs.  It  would  appear  that  this  odour, 
whether  naturally  or  artificially  procured,  is  owing  to 
fome  principle  which  chemiftry  is  yet  ignorant  of. 


AMBERGRIS. 

Amber-  Ambergris  is  a  concrete  matter  of  a  foft  and   tena- 

*"*•  cious  confluence   like  wax,   or  folid   and   breaking  like 

the  gum  refins  ;  it  is  of  a  gray  colour  marked  with  yellow 
or  black  fpots,  and  when  heated  or  rubbed,  has  an  agree- 
able and  peculiarly  flrong  aroma,  which,  however,  to 
fome  people  is  unpleafant.  The  older  it  has  been  kept 
the  more  agreeable  is  the  aroma,  and  it's  confidence,  ac- 
cording to  Swcdiaur,  depends  upon  it's  having  been  ex- 
pofed  to  a  more  or  lefs  warm  air.    It  is  called  by  the  later 
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Greek  writers,  ambar,  by  the  Latins  amlra  grifea  or  tt&+ 
barum  \  and  fometimes,  as  Fallopius  has  written  it,  a?u- 
braca.  It  is  called  by  the  French  ambregrh  or  ambrc,  and 
bv  the  Germans  ambra  or  grauer  ambra. 

Under  the  title  amber  the  ancients  comprehended  ano-  Differs  from 
ther  fubftance,  very  different  in  it's  nature  and  properties  am  '• 
from  this.  It  is  known  by  the  name  of  yellow  amber, 
and  is  a  fpecies  of  bitumen  ;  it  was  called  by  the  ancient 
Greeks  nfoy.Tpov ;  by  the  Arabs  karabe ;  by  the  Latins  ambra 
flava  or  fucclnum  ;  by  the  French  it  is  named  ambre  jaune^ 
citrin  or  fuccln  ;  and  by  the  Germans  agtjlein  or  bcrnjlein* 

Naturalifls  have  diftinguifhed  feveral  varieties  of  am- 
bergris.    Wallerius  mentions  fix. 

1.  Ambergris  with  yellow  fpots     )  Thefe  are  the  mod  variotie*  ot 

2. ^  with  black  fpots        )      precious,  amhet. 

grii. 

3.  White. 

4.  Yellow. 

5.  Brown, 

6.  Black. 

Thefe  varieties  depend  on  the  mixture  of  certain  marine 
fubflances  which  they  contain.  It  is  found  in  irregular, 
fometimes  globular  manes,  confiding  of  ilrata  of  different 
kinds,  and  more  or  lefs  thick  according  to  the  number 
united.  Pieces  have  been  found  of  more  than  200  lb. 
weight.  It  has  evidently  been  in  a  liquid  ftate,  as  it  en- 
velops many  foreign  matters,  fucfe  as  fquids,  or  the  bone* 
of  the  cuttle  and  other  fiih,  foffd  fliells  and  other  marine 
bodies. 

It  is  found  floating  on  the  fea  near  the  Molucca  Iflands,  wi.rre 
Mudagafcar  and  Sumatra,  likewife  on  the  coafls  of  Coro-  lou,K* 
mandel,  Brafil,  and  on  thofe  of  Africa,  China  and  Japan. 
It  is  feldom  found  in  large  pieces,  although  it  is  related 
that  Lockner  faw  one  of  42,  and  Kcempfer  another  that 
weighed  130  pounds. 

The  ftate  of  analyfis  of  this  fubftance  is  very  imperfeex  ;  it's  diftiUa. 

-  .  ,  ,       tion. 

lorne  experiments  were  made  upon  i,t  many  years  ago  by 
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Geoffrey,  Neumann,  Grim  and  Brown,  but  they  are- very 
imperfect..  We  learn  from  them,  that  the  ftrong  aroma 
of  ambergris  is  communicated  to  the  water  which  arifcs 
on  diftillation  :  that  in  a  moderate  heat,  it  melts  like 
wax,  and  then  refembles  a  thickifh  blackifh  oil,  exhales 
vapours,  foams,  and  at  length  entirely  evaporates;  that  in 
the  flame  of  a  candle  it  inflames  and  burns  away  with  a 
clear  flame.  By  the  dry  diftillation  it  affords  a  fourifh 
water,  a  little  fixed  fait,  and  fome  oil. 

According  to  Hugei^  it  is  not  foluble  in  water  but  is 
in  alcohol,  and  ftill  more  fo  in  the  vitriolic  aether. 
A  more  exacT:  analysis  of  ambergris  has  been  made 
"by  Vauquelin  and  Bouvier  upon  a  variety  fent  them  by 
Macquart.  This  was  the  black  variety.  It  was  compof- 
ed  of  flrata  of  different  colours  and  thieknefs.  In  certain 
parts,  white  cryftals  were  evident ;  they  were  ifolated.  It's 
odour  was  ftrong  and  difagreeable,  refembling  in  fome 
refpe£fc  the  urine  of  the  mare  ;  this  was  more  particularly 
fo  with  the  fait  obtained  by  the  evaporation  of  this  fluid. 
It  was  fpecifically  lighter  than  water. 

Water.  Fifty  parts   of  this   pulverized  ambergris  were  boiled 

in  two  oz.  of  diftillcd  water  for  10  minutes,  the  odour 
which  arofe  was  much  lefs  difagreeable  than  that 
from  the  folid  fubftance.  It  tinged  the  water  of  a  deep 
ftraw  colour;  at  60°  it  melted  and  fwam  upon  the  fur- 
face,  and  was  of  a  femipellucid  brown  colour.  The  fil- 
tered liquor  produced  no  change  upon  firup  of  violets. 
On  evaporation,  nearly  two  grains  of  a  yellow  product 
were  obtained  of  a  fharp  and  faline  favour,  mixed  with 
cryftals  of  common  fait.  The  folution  changed  the  firup 
of  violets  green. 

Alcohol.  Boiling  alcohol  diffolved  a  great  part  of  the  refiduum, 

became  of  a  deep,  brown  colour,  and  the  black  grumous 
matter  remaining,  being  treated  a  fecond  time  with  alco- 
hol, became  v.ellow,  but  it  did  not  diffolve  it.     The  refi- 
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duum,  which  was  almoft  entirely  formed  of  membranous 
matter,  dried  and  put  on  red  coals,  produced  a  yellow, 
fetid,  ammoniacal  fmoke. 

On  cooling,  the  alcohol  depoihed  a  great  part  of  what 
it  had  taken  up. 

A  portion  of  this  refiduum  on  diftillation  afforded  a  , 

red  oil  extremely  fetid,  and  exactly  fimilar  to  that  of  other 
matters,  and  fome  carbonat  of  ammonia. 

From  it's  treatment  with  alcohol,  it  appears  that  the 
aromatic  part  does  not  refide  in  the  refmous  part  of  the 
ambergris.  The  brown  membranous  parts  of  it  pre- 
sented many  of  the  characters  of  animal  matter,  although 
their  coal  being  not  light,  made  them  approach  to  the 
algae  which  have  fome  refemblance  to  animal  matters. 
Are  they  therefore,  it  has  been  afked,  animal  membranes, 
or  remnants  of  the  fuci  ? 

The  cryftals  found  in  the  ambergris  appeared  to  be  a 
mixture  of  fand  and  calcareous  earth. 

Oxygenated  muriatic  acid  poured  upon  a  portion  of  the  Oxygenated 
alcoholine  refin  of  the  ambergris,  took  away  it's  brown  ^'-'i Mllc 
colour,  but  did  not  perfectly  whiten  it  ;  it  remained  vel- 
lowiih  and  loft  it's  odour,  and  the  fame  happened  to  the 
acid.     It's  confidence  however  was  not  changed. 

Well  rectified  ether  diflblved  the  greateft  part  of  the  j:t!ier< 
ambergris,  which  had  been  previoufly  treated  with  boil- 
ing water.  The  refiduum  was  black  and  grumous,  but 
affored  no  pellicles,  as  was  the  cafe  with  the  alcohol. 
The  fpontaneous  evaporation  of  the  ether  from  the  refi- 
nous  part  weakened  the  odour  of  the  refiduum  by  railing 
it  into  the  atmofphere. 

Thirty  parts  of  oxyd  of  filver  and  three  parts  of  the  Oxyd  of 
refin,  by  a  gentle  heat,  afforded  from  fix  to  feven  inches  of  l  v*r' 
carbonic  acid  gas,  without  any  mixture  of  hydrogen  gas. 
In  the  tube  of  the  apparatus  feveral  clear  and  tranfparent 
drops  of  water,  were  obferved,  and  the  filver  being  re- 
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duced  weighed  21  grains.  This  experiment  upon  larger 
quantities  might  perhaps  give  the  proportions  of  the  prin- 
ciples of  this  reiin,  or  at  lead  of  the  hydrogen  and  carbon 
whieh  form  it's  bafis.  It  might  be  even  poflibleto  come 
at  it's  quantity  of  oxvgen  by  exactly  knowing  that  of  the 
oxyd  of  (ilver. 
Expofed  to  Thirty  fix  grains  of  this  ambergris  expofed  to  the 
c*  fire  in  an  open  crucible  foon   became  foft  and  melted  ; 

on  increafing  the  heat  a  few  degrees,  it  inflamed;  the  flame 
was  at  firft  yellow  and  white,  and  the  fmell  difagreeable. 
The  fmoke  foon  ceafing,  the  flame  beeame  more  elear 
and  brilliant,  with  an  odour  refembling  that  from  burn- 
ing manic  or  olibanum,  depofiting  carbon  extremely  di- 
vided, as  is  the  cafe  with  odorous  fubftances.  The  refi- 
duum  was  three  grains  and  a  half  of  white  matter  in  very 
diftin6f.  hard  grains,  the  greater  part  of  which  was  fand 
and  carbonat  of  lime. 

No  more  traces  were  found  of  carbonat  of  foda  or  com- 
mon fait,  and  thefe  chemifts  feem  to  think  that  they  were 
volatilized   by  the  heat,   fince  the  ednlcoration  of  the 
ambergris  afforded  them  by  a  gentle  evaporation. 
Ufe.        .       Ambergris  is  employed  in  medieine,  but  it's  greatelt 
ufe  is  as  a  perfume  mixed  with  mufk,  the  aroma  of  which 
it  fo  attenuates  as  to  render  it  milder  and  more  fupport- 
able. 
CWa&eis        As  this  fubflance  is  very  dear,  it  is  often  falfificd  and 
otpure        rjiixecl  with  different   fubftances.      The   real  ambergris 

amber*  o 

sr<«-  has  the  following  character  :  it  is  flaky,   infipid  to  the 

tafte,  of  a  fweet  odour ;  expofed  to  the  flame  of  a  candle 
in  a  filvcr  fpoon  it  melts  without  fcum  or  bubbles.  It 
floats  upon  water,  and  does  not  adhere  to  a  red-hot 
iron ;  that  which  does  not  poffefs  thefe  properties  is 
adulterated  and  impure* 
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ORIGIN    OP   AMBERGRIS. 


Natural  hiftorians  and  chemifts  have  been  very  much  Different 
divided  refpecting  the  origin  of  ambergris.  The  greater  /  ' 
number  have  looked  upon  it  as  a  bitumen,  a  fort  of  pe- 
troleum, that  iiTuei  from  the  rocks,  and  was  condenfed 
by  means  of  the  fun  and  the  action  of  the  fait  water. 
Cartheufar  made  no  doubt  of  it's  being  of  this  nature,  and  Cartbeufar. 
what  confirmed  him  in  this  opinion  was  the  analyfis  of 
it  by  the  chemifts,  particularly  by  Neumann,  who  got 
the  fame  component  parts  from  it  as  from  amber,  viz. 
phlegm,  a  volatile  acid,  partly  fluid,  partly  fixed,  an 
oil,  and  a  little  carbonaceous  matter.  Macqucr,  how- 
ever, obferves,  that  it  differs  from  common  amber  by 
being  far  lefs  hard,  and  not  fmooth  or  able  to  take  any 
polifh  ;  it  is  like  wife  opakc  and  fufible;  that  it  is  alfo  ren- 
dered fofter  even  by  the  heat  of  the  hand,  like  wax.  Like- 
wife  on  (Humiliation  it  leaves  much  lefs  carbonaceous  mat- 
ter, from  which  it  appears  to  him  to  be  of  a  much  more 
oily  nature  than  common  amber. 

Ambergris  has  been  like  wife  fuppofed  to  be  of  vege- 
table origin.  Aublct  affirms,  (Hiftoire  des  Plantes  de  la  Auhiet. 
Gujane,  1774)  that  it  is  nothing  but  the  juice  of  a  tree  in 
Guiana  infpifiated  by  evaporation  -,  that  this  tree  is  called 
cuma,  and  by  Linnaeus,  amyris  ambroifiaca;  that  the 
river  wafhes  pieces  of  it  into  the  river,  that  Rouelle- has 
examined  many  of  thefe  pieces  and  found  them  to  agree 
perfectly  with  ambergris  in  their  properties.  Rumph 
has  alfo  noted  a  tree  called  nanarium  which  affords  fu ch 
a  juice.  Bergman  was  alfo  of  opinion  that  it  was  of  ve- 
getable origin.  Pliny  in  old  times  was  of  the  fame  opi- 
nion. 

Some,  on  the  contrary',  have  fuppofed  it  to  be  the  ex- 
crement of  birds  that  live  upon  odoriferous  herbs,  and 


gQQ  AROMATICS. 

ethers  have  attributed  it's  origin  to  the  matter  rendered 
by  the  fea  cow,  or  the  excrement  of  the  crocodile,  &c. 
Pomet  and  Pomct  and  Lemery  believed  it  to  be  a  mixture  of  wax 
Lemery.  ancj  nonCy  roafted  by  the  action  of  the  fun  ;  and  Fourcroy, 
who  adopted  the  fame  opinion,  fays,  that  a  product  very 
analogous  to  that  of  ambergreafe  may  be  obtained  from 
thefe  two  fub (lances. 

Some  Englifh  authors  have  looked  upon  it  as  an  animal 
juice  depofited  in  facs  placed  near  the  organs  of  generation 
in  the  male  whale  ;  and  others,  think  that  it  was  formed 
in  the  urinary  bladder  of  that  animal ;  but  both  thefe  opi- 
nions are  contradicted  by  the  beaks  of  the  cuttle  fifh  be- 
ing found  in  this  concrete  juice.  At  length,  Dr.  Swe- 
Swcdiau:-.  diaur,  a  Swede,  after  having  examined  a  great  number  of 
fpecimens  of  ambergreafe,  and  the  accounts-  of  feve- 
veral  navigators,  looks  upon  it  to  be  formed  in  the  ali- 
mentary canal  of  the  phyfeter  macrocephalus,  afpeciesof 
tvhale  from  which  the  fpermaceti  is  extracted.  He  con- 
uders  it  as  an  indurated  excrement  mixed  with  certain 
parts  of  it's  aliment,  or  a  kind  of  bezoard  of  this  cetace- 
ous animal.  He  grounds  his  opinion  on  the  following 
circumftances  : 

lft.  Becaufe  fifliermen  find  ambergreafe  in  this  whale. 

2d.  Becaufe  ambergreafe  is  common  in  thofe  regions 
frequented  by  this  whale. 

3d.  Becaufe  the  beak  or  chops  of  the  fcpia  o&opedia 
on  which  the  animal  feeds  is  always  found  in  it. 

4th.  Becaufe  he  difcovered  the  black  fpots  in  this  con- 
crete fubftance  to  be  the  feet  of  this  polypus, 

5th.  Finally  becaufe  the  excrements  of  feveral  quadru- 
peds, fuch  as  cows,  pigs,  8cc.  after  being  kept  a  certain 
time  exhale  an  odour  analogous  to  that  pf  ambergreafe. 

The  inquiries  of  this  phyfician  have  rendered  this  opi- 
nion of  the  Japanefe  and  of  Kaempfer  very  reafonable;  and 
nothing,  fays  Fourcroy,  is  wanting  to  it's  entire  confir- 
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mation,  but  the  obfervation  of  fome  real  naturalift  made 
upon  the  fpot. 

It  has  been  feen,  however,  that  this  fubftance  analyzed 
by  Geoffroy,  Neumann,  Grim,  and  Brown,  afforded  the 
fame  principles  as  bitumens,  /'.  e.  an  acid  fpirit,  a  con- 
crete acid  fait  oil,  and  a  carbonaceous  refiduum,  which 
induced  them  to  rank  it  amongft  thofe  bodies.  To  this 
Swediaur  obfervesv  very  truly,  that  the  calculi  of  animals 
likewife  afford  an  acid,  and  that  the  prefence  of  this  fait 
is  a  proof  in  favour  of  his  opinion,  fince  fats  contain  it 
alfo  in  considerable  quantity. 

This  phyfician  has  likewife  been  informed  by  feveral 
American  fifhermen,  that  they  have  found  ambergris 
very  often,  either  amongft  the  excrements  of  the  phyfeter 
macrocephalus  of  Linneus.  or  in  it's  (lomach,  or  in  a 
pocket,  which  they  fay  is  fituate  near  the  vifcera,  pro- 
bably the  caecum. 

In  fupport  of  the  opinion  of  Swediaur,  it  may  be 
added,  that  according  to  the  teftimony  of  Coffin,  who 
was  examined  before  the  committee  refpecliing  ambergris, 
it  appears,  that  the  fpermaceti  whale,  who  lives  on  this 
polvpus,  or  what  the  failors  call  fquids,  evacuates  his  ex- 
crement on  being  (truck  with  the  harpoon ;  and  if  this 
does  not  take  place,  they  conje&ure  there  is  fome  amber- 
gris in  his  belly,  looking  upon  this  fubftance  to  be  either 
the  caufe  or  effeel:  of  difcafc.  Such  are  the  reafons  why 
this  fubftance  may  be  ranked  amongft  the  refinous  and 
odoriferous  matters  of  the  animal  kingdom. 

In  oppofition  to  the  opinion  of  Swediaur,  Dandrada,  Dandrada, 
a  Brafilian,  publiflied  an  account  of  the  origin  of  this 
fubftance;  who,  after  having  obferved,  that  it  is  only 
upon  account  of  the  chops  of  the  cuttlc-fifh,  that  Swe- 
diaur has  founded  his  opinion,  thus  continues  his  nar- 
rative, which  is  extracted  from  Fourcroy's  account  in  the 
Encyclop.  Methodique. 
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"  Ksempfer  thought,  after  the  Japancfe,  that  ambergris 
was  an  excrement  from  the  whale ;  and  the  opinion  of 
Swediaur  is  only  a  modification  of  it.  The  natives  of 
Brafil,  at  the  time  of  it's  dlfcovery,  were  of  the  fame 
fentiment;  but  whoever  will  take  the  trouble  to  examine 
the  grounds  on  which  it  is  fupported,  and  the  places 
where  it  is  found,  will  be  convinced  of  the  contrary." 

If  ambergris  was  the  excrement  of  the  difeafed  whale, 
it  would  be  found  in  all  the  places  where  it  frequents,  but 
on  the  contrary,  it  is  only  found  on  fome  fhores  of  the 
warmer  climates,  a*  at  Madagafcar,  the  iflands  of  Cape 
Verd,  Japan,  China,  the  Brafil  Iflands,  &c.  In  this  Jaft 
country,  it  is  only  to.  be  met  with  cm  fome  of  the  fhores 
and  bays,  principally  at  the  mouth  of  the  river  Camouci, 
in  the  precincts  of  the  territory  of  Maragnon,  and  in  the 
bay  of  All  Saints.  From  20°  of  fouth  latitude,  to 
the  river  Plata,  it  is  never  met  with.  Now,  it  is  at  Santo, 
the  country  of  Dandrada,  fituate  at  24°  of  fouth  lati- 
tude, and  at  Santa  Catherina,  ftill  more  to  the  fouth,  that 
the  whale  is  caught. 

According  to  Dandrada,  ambergris  is  not  an  excre- 
ment, fince,  at  Brafil,  it  has  been  feveral  times  extracted 
from  the  ftomach  of  the  whale. 

Magalhaens  Gandavo  affirms  in  his  hiftory  of  Brafil, 
printed  at  Lifbon  in  1576,  that  fome  whales  had  been 
difTected  on  purpofe,  and  that  pieces  of  ambergris  had 
been  found  in  the  ftomach  of  one  of  them,  and  fome  in 
the  inteftines,  that  were  become  more  foft.  All  this  is 
lately  confirmed  in  the  Courier  de  l'Europe,  for  the  11th, 
of  January,  1791,  which  relates,  that  the  veflel,  the  Lord 
Hawkefbury,  had  lately  caught  a  whale,  from  the 
cefophagus  of  which,  it  is  faicl,  400  ounces  of  ambergris 
have  been  extracted. 

Befides,  if  it  was  an  excrement  unnaturally  hardened, 
as  is  the  opinion  of  Swediaur^  it  would  neither  be  found 
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in  ftrata,  which  are  almoft  always  horizontal,  of  unequal 
fize,  and  fometimes  even  different  in  their  nature.  It 
is  obferved  by  Bomare,  that  the  ambergris  he  examined, 
from  the  eaft,  was  compofed  of  ftrata,  of  which  the  fe- 
cond  was  inodorous,  calcareous,  and  i  aline.  If  there  are 
fomc  pieces  that  have  fpots,  and  the  chops  of  the  cuttlc- 
fifh,  there  are  likewife  many  that  are  homogeneous,  and 
withouc  fpots;  and  even  Pelletier  mowed  a  piece,  at  one 
of  the  fittings  of  the  Society  of  Natural  Hiftory,  at  Pa- 
ris, that  contained  fome  fmall  (hells.  It  is  probable  thofe 
pieces  that  contain  the  beaks,  are  the  fame  that  had  been 
f wallowed  by  the  whale. 

Whv,  afks  Dandrada,  are  they  only  found  on  the 
mores  after  tempeils  ?  and  why  are  not  the  other  hard 
excrements  of  .the  fame  (im  found  at  the  fame  time  ?  and 
why  is  it  only  foft  ambergris,  and  without  confidence? 
That  of  the  mores  is  likewife  lefs  coloured  than  that 
taken  from  the  whale,  which  ought  to  be  the  reverfe,  ac- 
cording to  Swediaur's  opinion,  fince  this  mud  have  been 
expofed  a  longer  time  to  the  heat  and  light. 

It  is  related  by  an  author  of  an  ancient  Portuguefe  ma- 
nufcript,  on  the  moil  remarkable  things  of  Brafil,  for  the 
vear  1G8O,  that  one  of  his  friends,  Antonio  Gil,  had 
mown  him  a  marine  fpring  in  the  ifland  of  Tapaiija,  in 
the  bay  of  All  Saints,  which,  when  the  fea  Was  low,  ap- 
peared vifible,  where  he  had  ken  ambergris  fpring  up 
and  increafe  between  the  rocks  near  it.  Simoneus  de 
Vafconcello,  fuperior  of  the  Jefuits  of  Brafil,  affirms,  in 
his  introduction  to  the  chronicle  of  that  province,  printed 
at  Lifbon,  in  1720,  that  at  Taparica  foffil  ambergris  was 
to  be  met  with.  Now,  all  thefe  obfervations  and  autho- 
rities, fays  Dandrada,  are  abfolutely  contrary  to  the 
hypothefis  of  Swcdiaur. 

The    analyfis  of    GeofYroy,    Neumann,    Grim,    and 
Brown,  although  imperfect,  conftantly  afforded  them  the 
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fame  liquid  and  concrete  acid,  fome  oil,  and  charcoal;  but. 
if  ambergris  was  an  excrement  of  this  fifh,  it  ought  to 
have  afforded  ammonia,  and  other  producls  of  animal 
fubftances;  for  all  the  other  excrements  of  the  mamma- 
lia tribes  afford  it.  Thefe  chemifts  likewife  fay,  that  the 
acid  they  obtained  from  it  was  the  fame  as  from  bitu- 
mens, u  e,  the  fuccinic  acid.  Some  chemifts  affirm 
it  to  be  of  animal  origin,  from  it's  odour;  but  this 
odour,  unfolded  by  the  action  of  air  and  light,  and  which 
increafes  by  age,  mull  not  be  confounded  with  that  of  the 
bile,  the  calculi  of  which  are  round,  and  cryftallized  in 
concentric  ftrata.  This  hypothefis  may  likewife  be  de- 
fended by  the  obfervation  of  Rome  de  Lifle  (Journ.  de 
Phy.  v.  2.  1784)  who  fays;  that  the  fepia  o&opedia,  Lin. 
or  the  polypus  octopus  of  Rondelet,  was  called  by  the 
ancients,  according  to  Rondelet,  eladone,  d'ozaina,  and 
d'ofmylus,  becaufe  this  kind  fmells  well.  That  the  mo- 
dern Greeks  call  it  mofchytis,  becaufe  it  fmells  like  mujk, 
and  not  only  when  alive,  but  when  dead  and  dried. 

Now  is  it  not  infinitely  probable,  fays  Rome  de  Lifle, 
that  the  mufky  odour  of  this  polypus  contributes  to  form 
that  of  the  ambergris,  becaufe  it  is  found  in  whales  that 
eat  this  kind  of  polypus;  and  that  ambergris,  or  at  leafl 
it's  odoriferous  bafis,  arifes  from  this  digefled  polypus  ? 
But  Dandrada  obferves, 

lft.  That  this  appearance,  from  what  has  been  faid,  is 
not  probable. 

2d.  That  it  is  neceffary  to  diftinguifh  this  mufky 
odour  from  that  of  the  ambergris. 

3d.  That  as  this  polypus  affords  a  very  black  colour,  it 
would  undoubtedly  blacken  all  the  pieces  of  ambergris. 

4th.  That  at  Brafil,  where  ambergris  is  found,  thefe 
polypi  are  very  rare,  and  on  the  contrary,  they  are  very 
abundant  in  other  parts  frequented  by  the  whale,  where 
no  amberoris  is  to  be  found. 
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But  what,  fays  the  fame  author,  is  the  nature  and  ori- 
gin of  ambergris  ?  After  what  has  been  faid,  and  con- 
sidering the  property  which  it  has  of  adhering  to  the 
knife  when  cut,  like  wax,  and  foft  bitumens,  and  from 
it's  inflammability,  and  fufion  into  a  thick  and  blackifh 
oil,  it  appears,  fays  Dandrada,  we  may  run  the  hazard  of 
faying,  that  it  is  a  kind  of  fubmarine  bitumen,  peculiar 
to  warm  climates,  which  being  thrown  by  the  waves  on 
the  fhore,  becomes  hardened  \  that  this  bitumen  is  fome- 
times  fwallowed  by  the  whale,  and  others  of  the  cetace- 
ous tribes,  which  not  being  able  to  digeft  it,  part  with  it 
more  or  lefs  changed,  along  with  their  other  excrements. 
That  the  ambergris  found  by  Donadei,  on  the  fea  fhores 
on  the  coafts  of  Guinea,  which  was  foft  and  vifcous,  and 
of  an  odour  which  he  called  ftrongly  refinous,  and  which 
it  loft  after  a  certain  time,  and  becomes  folid,  is  not 
againft  my  opinion,  it  came  from  the  iflands  of  Cape 
Verd,  or  the  Canaries,  as  well  as  the  pumice-ftones  of 
thefe  iflands,  to  be  met  with  on  the  coafts  of  Gafcony, 
and  which  have  been  driven  there  by  the  currents  of  the 
ocean  and  Mediterranean.  The  complete  analyfis  of  this 
fubftance,  and  the  more  numerous  obfervations  which  I 
intend  to  make  at  the  Brafils  and  the  iflands  of  the 
Cape,  may,  perhaps,  put  this  matter  in  every  poflible 
light. 

This  celebrated  chemift  contends,  that  in  fpite  of  Dan- 
drada* s  obfervations  and  reflections,  he  is  far  from  having  Feurcr°y- 
proved  that  ambergris  is  a  bitumen  analogous  to  amber^ 
jet,  or  common  coal,  &c.  On  the  one  fide,  there  is  too 
great  a  difference  between  this  fubftance  and  the  real  bi- 
tumens ;  on  the  other,  too  great  an  analogy  between  the 
properties  of  ambergris  and  a  great  number  of  fubftances 
that  are  odorous,  or  fufceptible  of  becoming  fo  by  fucceffive 
alterations..,  to  adopt  his  opinion.     It  is  not  fo  improbable 
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to  think,  that  even  the  matter  of  the  body  of  the  fepia 
o6topedia,  may  contribute  to  it's  formation.  The  Indian 
ink,  which  is  made,  as  we  are  informed,  from  the  black 
]uice  of  this  polypus,  affords  a  very  flrong  odour  of  am- 
bergris. One  of  the  varieties  of  ambergris  is  of  a  black 
colour,  and  very  ftrongly  aromatic,  it  refembles  a  black 
thick  juice,  and  animal  membranes  are  even  found  it, 
nor  is  it  rejected  by  the  perfumers. 

Ambergris  was  only  known  in  France,  as  coming 
from  the  two  Indies.  In  the  Journal  de  Phylique,  for 
May,  1790,  Donadei  certified  that  this  fubftance  likewife 
belonged  to  the  coaft  of  Gafcony  ;  and  it's  exiftence  on 
this  coaft  appeared  to  him  to  confirm  the  refearches  of 
Doctor  Swediaur,  by  which  he  proves  that  ambergris  is 
an  animal  production  belonging  to  the  whale. 

It  appears,  that  Dandrada,  in  one  of  the  latter  fittings 
of  the  fociety,  was  of  a  covitrary  opinion;  he  fuppofed  it 
to  be  a  fpecimen  of  bitumen  arifing  from  fome  fubma- 
rine  volcano,  and  confequently  he  looks  upon  it  as  a  mi- 
neral fubftancc.  If  this  opinion  be  true,  the  gulf  of 
Gafcony  only  owes  it's  ambergris  to  the  iflands  of  the 
Azores ;  thofe  of  Cape  Verd,  and  the  Canaries,  tend 
by  very  violent  currents  towards  the  coaft  of  Barbary. 
Chemical  analyfis  only  can  decide  this  queftion.  As  to 
Fourcroy,  he  looks  upon  it  as  an  animal  fubftancc, 

lft.  From  the  urinous  odour  it  exhales  when  frefh  call 
upon  the  coaft  ;  it  is  then  pretty  foft  and  vifcous. 

2d.  From  the  avidity  with  which  the  fea  birds  fearch 
for  it.  .  Thefe  live  only  on  fiili.  The  horizontal  and  va- 
rious fhaded  ftrata  of  the  different  pieces  of  ambergris, 
cannot  be  a  proof  of  Dandrada's  fyftem  ;  on  the  contrary, 
a  fubftance  caft  into  a  denier  fluid,  and  which  does  not 
dilTolve  it,  cannot  form  any  horizontal  ftrata  ;  and  this  is 
no£  the  cafe  where  this  fubftance  may  eafily  increafe  by 
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ftrata :  as  to  their  {hades,  the  antiquity  of  it's  ftrata,  and 
the  different  places  in  which  the  animal  has  lived,  may 
-occafion  them. 

The  fhells,  the  jaws,  of  the  fepia  octopedia,  and  the 
ether  bodies  found  in  it,  can  only  be  foreign  to  it's  na- 
ture, and  have  been  united  to  it  at  the  edges  of  the 
coaft  where  this  fubftance,  ftill  foft,  is  call  about  and 
rubbed  by  the  waves. 

Laftly,  if  uniting  the  two  opinions,  ambergris  was 
really  a  bitumen,  which  had  need  of  fojourning  fome 
time  in  the  body  of  the  whale  to  acquire  all  it's  properties' 
the  queflion  would  be  very  difficult  to  refolve ;  he  there- 
fore looks  upon  it  as  a  fort  of  bezoar,  and  the  yellow 
part  as  having  much  analogy  to  the  bile.  The  bed  am- 
bergris has  a  gray  ground  with  fmall  yellow  fpots. 

According  to  Fourcroy,  the  phyfical  properties  of  am- 
bergris, and  it's  analyfis,  do  not  indicate  that  it  is  of  ani- 
mal origin  ;  they  rather  feem  to  announce  it  to  be  a  facti- 
tious compofition  of  vegetable  refins,  of  animal  pellicles 
or  membranes,  and  of  a  certain  quantity  of  the  excre- 
ment of  fome  quadruped,  particularly  that  of  the  horfe, 
to  which  it's  odour  is  owing,  mice  this  odour  is  the  fame 
as  that  of  the  falts  and  extract  of  the  urine  of  that 
animal. 

From  thefe  details  it  appears  we  are  far  from  knowing 
the  intimate  nature  and  properties  of  ambergris,  and  of 
determining  it's  origin  with  precifion.  It  is  for  chemical 
analyfis  alone  to  pronounce  on  this  interefling  object. 
Till  then,  it  has  been  placed,  with  Hildebrandt,  amongft 
the  animal  fub fiances. 

Hagen  von  der  Auflofung  des  Grauen  Ambers  in  Vi- 
triolsether,  in  Crell's  Chemifch.  Annal.  t.  11.  f.  99. 
]  784. — Cafper  Neumann,  Difquifitio  de  Ambra.  Drefd. 
1736, — Information  of  the  origin  of  Ambergris.     Phi- 
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lofoph.  Tranf.  part  1.  1791. — Encyclop.  Method,  ar- 
ticle Ambre-gris,  by  Fourcroy. — Neue  Zufaetze  und  An- 
merkungen  zu  Macquer's  Chym.  Woerterb.  von  Leon- 
hardi.    Erft.  B.  p.124. — Graue  Amber, 


CASTOR. 


Carter.  This  animal  fubflance,  when  frefli  and  jafl  taken  from 

the  animal,  is  foft,  and  nearly  in  a  fluid  flate ;  it  is  of  a 
yellowim  colour.  By  drying  in  the  atmofphere,  it  af- 
fumes,  in  time,  a  refinous  friable  confidence,  and  be* 
comes  of  a  much  darker  and  brownifh  colour.  In  this 
laft  ftate  it  is  generally  met  with  at  the  mops.  It  has  an 
acrid,  bitter,  naufeous  favour,  and  it's  odour  is  ftrong, 
aromatic,  and  even  fetid,  which  it  communicates  to  the 
water  extracted  from  it. 

SSte  Ur1        For  the  beft  analYfis  of  tms  fubftance  we  are  indebted 
Grange.       to  de  ]a  Grange ;  he  found,  that  two  ounces  of  it  mace- 
rated in  water,  at  the  temperature  of  60°  for  12  hours, 
became  confidcrably  foftencd,  and  gave  the  water  a  pale 
yellow  colour. 

This  water  changed  the  blue  colour  of  vegetables  to  a 
green,  and  when  exficcated,  it  was  foluble  in  alcohol, 
erfervefced  with  acids,  and  was  deliquefcent. 

Having  macerated  fome  caftor  in  water,  at  40°,  for  24 
hours,  it  divided  into  an  infinity  of  fmall  particles,  the 
water  became  whitifh,  and  covered  with  a  brown  oily 
pellicle,  perfectly  foluble  in  alcohol.  Having  added  one 
drachm  of  carbonat  of  potafh  in  a  deliquefcent  ftate,  to 
four  ounces  of  this  liquor,  the  mixture  prefented  a  very 
curious  phenomenon.  It  formed  three  very  diftincl:  parts, 
viz.  red,  limpid,  and  whitifh.  Having  feparated  and  ex- 
ficcated thefe  three  liquors, 


AROMATICS.  2iy 

The  red  part  afforded  a  fubftance  of  a  deep  erav  colour 
gne  part  of  which  was  attracted  by  the  magnet,   and  fa- 
llible in  muriatic  acid.     Expofed  in  a   crucible  to  a  red 
heat,    12   grains    of   iron   and    6   grains  of  earth   were 
obtained. 

The  limpid  part  afforded  an  alkaline  matter  that  had  all 
the  properties  of  carbonat  of  potaih. 

The  whitijh  part  afforded  an  earthy  fubftance  fomewhat 
alkaline,  which  earth  appeared  to  be  calcareous. 

Some  caftor  macerated  in  water  four  days  in  a  fand 
bath,  afforded  a  fluid  of  a  much  deeper  colour,  and  on 
evaporation,  a  dry  extract  was  obtained  of  a  beautiful 
tortoifefhell  colour.  This  extract  was  foluble  in  alcohol 
and  in  fulphuric  ether. 

From  the  alcoholine  folution  was  precipitated  by  dif- 
tilled  water,  a  refinous  fubftance,  fwelling  and  inflaming 
in  the  fire.  This  extract  was  alfo  partly  foluble  in  water. 
The  liquor  changes  the  blue  colours  of  vegetables  to  a 
green,  and  becomes,  according  to  Fourcroy  and  Chaptal, 
a  partly  extractive  gelatinous  mucilage. 

The  muriatic,  nitric,  and  acetous  acids,  have  no  action 
on  caftor. 

If  caftor  be  mixed  with  quicklime,  and  a  little  water 
be  added,  a  lively  effervefcence  takes  place,  and  there 
arifes  a  very  ftrong  ammoniacal  odour.  Carbonat  of  am- 
monia was  extracted  from  it. 

Cailor  decompofes  the  metallic  falts,  which,  according 
to  de  la  Grange,  is  a  further  proof  of  it's  containing  a 
pure  alkaline  matter.  , 

It's  decompofition  by  the  retort  affords  nothing  in  par- 
ticular. The  carbon  obtained  after  the  operation,  expofed 
on  red  hot  coals,  burns  with  a  flame,  and  fwells  confider- 
ably.     The  nitric  acid  totally  di^blves  it. 

Hence  may  be  obtained  from  cailor,  according  to  this 
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chcmift,  carbonat  of  potafh,  a  calcareous  earth,  iron,  and 
pure  refin,  an  extractive  gelatinous  mucilage,  a  volatile 
eiTential  oil,  and  carbonat  of  ammonia. 
Komcroy.  According  to  Fourcroy,  caftor  confifts  of  a  coloured 
refinous  matter,  foluble  in  alcohol  or  ether,  together  with  a 
gelatinous  mucilage,  and  an  extractive  matter,  taken  up 
by  water  \  and  likewife  a  folid,  which  cryftallizes  in  the 
aqueous  folution  by  evaporation,  but  the  nature  of  which 
has  not  yet  been  examined.  The  relin  of  caftor,  in  which 
it's  whole  virtue  refides,  appears  to  be  analogous  to  that  of 
the  bile.  It  has  not  yet  been  accurately  analyzed ;  it  is 
only  afcertained  that  it  affords  a  fmall  quantity  of  effen- 
tial  oil,  and  volatile  alkali  by  diftillation;  and  that  the  fe- 
veral  matters  of  which  it  is  compofed,  may  be  feparated  by 
means  of  ether,  alcohol,  and  wrater. 
The  pro-  According  to  de  la  Grange,  the  beaver,  or  amphibious 

animal  from  which  caftor  is  extracted,  was  called  by  the 
ancients  fibrum,  the  end  or  extremity  of  fomething;  and 
that  it  is  pretended  caftor  takes  it's  name  from  the  edge 
or  more  of  the  water  where  this  animal  generally  lives. 
Others  are  of  opinion  it  comes  from  the  greek  word  £♦%>?. 
The  Latins  called  it  Fiber. 

This  production,  which  the  beaver  affords,  is  the  caufe 
of  the  continual  war  which  man  has  waged  againft  this 
innocent,  peaceable,  and  induftrious  animal,  whofe  man- 
ner of  living,  and  ftate  of  fociety,  as  Buffon  fays,  is  a  proof 
of  the  great  perfection  he  has  attained  in  civilization, 
and  is  defcribed  with  all  the  elegance  and  eloquence 
of  that  author. 

The  caftor  is  taken  from  the  inguinal  region,  where  are 
to  be  found  four  bags  of  an  oval  fhape,  a  large  and  a  fmall 
one  on  each  fide,  i  In  the  two  larger  bags  is  the  real  caf- 
tor. The  two  fmaller  contain  a  fofter  and  more  unctuous 
fatty  matter,  of  the  fame  kind  of  fmeli  as  that  of  caftor, 
which  is  ufed  by  the  hunters  as  a  decoy  for  foxes  and 
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other  wild  beads  of  prey,  which  purfue  the  beaver  by  the 
fcent.  It  is  brought  from  different  countries,  but  parti- 
cularly from  Poland,  Ruffia,  the  Eaft  and  Weft  Indies, 
and  in  America,  from  Canada,  more  particularly.  This 
laft  fubftance  is  fometimes  fold  for  real  caftor.  Manufac- 
tures of  this  drug  are  formed  in  feveral  places,  and  there 
is  one  at  Frankfort. 

This  fubftance  is  fo  well  imitated,  both  as  to  it's  odour  Difference 
and  form,  that  without  a  particular  and  attentive  exami-  lrue-and 
nation  it  would  be  difficult  to  find  out  the  difference  un-  »alf««tor. 
lefs  by  analyfis.     We  are  told  by  Neumann,   that   the 
caftor  of  the  full  grown  beaver  is  preferable  to  that  of  the 
younger,  and  hence  the  large  bags  are  the  beft.     From 
it's  being  fo  fcarce,  it  is  often  adulterated.     It  is  ufual  to 
open  the  facks,  and  having  emptied  them,  to  replace  the 
caftor  by  a  compofition  of  dried  and  powdered  blood, 
gum  ammonia,  galbanum,  wax,  refin,  &c.   with  a  little 
powdered  caftor  and  the  inguinal  fat  of  the  animal ;  they 
are  then  glued  up  again  by  ifinglafs  fo  dextroufly  as  not 
to  be  detected. 

According  to  de  la  Grange,  the  real  caftor  has  a  more 
penetrating  odour,  the  bags  are  a  little  more  pointed,  and 
tlofed  above  by  a  ligament  enveloped  with  the  fat  of  the 
animal ;  two  bags  are  generally  found  united  by  the  fame 
ligament.  If  thefe  bags  be  opened,  fome  filaments  are  to 
be  diftinguifhed  by  a  lens,  fome  of  which  are  whitifh, 
others  reddifh,  united  tranfverfely.  The  falfe,  on  the 
contrary,  is  more  widened  above,  and  appears  as  if  fewed, 
whilft  the  interim  only  prefents  a  fpecies  of  pafte,  in  which 
a  little  real  caftor  has  been  put,  but  there  are  none  of  the 
filaments  to  be  feen. 

Obfervations  fur  la  Caftor,  par  Monf.  de  la  Grange, 
Journal  de  Phys.  fern,  1 .  p.  65.  i792. — Neumann's  Che* 
miftry,  vol.  2.  p.  428.  and  Fourcroy's  Element?. 
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CIVET. 

Civet.  The  analyfis  of  this  fubftance  is  very  little  known.  Ac- 

cording to  Neumann,  good  civet  is  of  a  clear  yellowilh 
or  brownifh  colour,  of  an  uniform  confidence,  like  but- 
ter or  honey;  it  has  a  very  ftrong  aroma,  which  is  only 
agreeable  when  diluted  with  other  fubftances.  It  is  rarely 
met  with  in  a  genuine  date;  and  there  is  no  certain  crite- 
rion to  diftinguifh  it  by. 

It  unites  eafily  with  oi^  but  not  with  alcohol  or  wa- 
ter; it  however  communicates  fome  of  it's  aroma  to 
both. 

It  is  ufed  as  a  perfume,  and  is  collected  from  the  in- 
guinal region  of  the  civet  cat,  which  is  met  with  in  the 
Ead  and  Weil  Indies.  The  civet  is  fqueezed  out  every 
other  dav  in  fummer,  and  in  winter  twice  a  week.  The 
quantity  procured  at  one  tin^e  is  from  two  fcruples  to  one 
drachm  or  more.  Trfus  collected,  it  is  much  purer  than 
that  which  the  animal  fheds  againd  ihrubs  or  ftones  in 
it's  native  country.  Several  of  thcfe  animals  have  been 
brought  to  Holland,  and  have  afforded  a  confiderable 
branch  of  commerce,  particularly  at  Amfterdam. 

Neumann's  Chemivtry,  vol.  2.  article  Civet. 


MUSK. 


Mufic.  For  the  bed  chemical  account  of  this  aromatic  fub- 

flance, we  are  indebted  to  Neumann,  little  having  been 
added  to  it's  analyfis  lince  his  time. 

Examined        Mufk  is  either  of  a  dark  brown,  or  rufty  reddifh  colour; 

Umw"      foretimes  it  is  clotted  like  coagulated  blood.     To  the 
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♦.ouch  it  is  unctuous,  and  on  drying  becomes  pulverizable. 
It  has  a  bitterifh  favour,  and  it's  aroma  is  peculiarly  ftrong 
and  aromatic,  difagreeablejf  too  concentrated,  .but  when 
largely  diluted  with  other  matters,-' or  greatly  extended  in 
the  atmofphere,  it  becomes  a  pleafant  perfume.  From 
it's  aroma  being  remarkably  diffufive  and  tenacious,  every 
thing  in  it's  vicinity  becomes  perfectly  infected  with  it, 
and  retains  it  a  long  time.  Water  extracted  two  fifths 
of  it,  and  the  diftilled  water  is  greatly  impregnated 
with  it's  aroma  and  favour;  alcohol,  took  up  one  third 
of  it,  but  retained  little  or  nothing  jof  it's  aroma.  Ni- 
trous and  vitriolic  acids  totaHy  diflblve  it,  the  firft  de- 
flroys  the  whole  of  it's  aroma,  the  latter  the  greater 
part  of  it. 

Mineral  alkali  extracts  from  it  the  fmell  of  volatile  al- 
kali, when  thefe  two  fubftances  are  rubbed  together. 

Oils  have  no  action  upon  it.  Caft  on  red  hot  coals  it 
emits  the  fame  fetid  fmell  as  urine.  On  diftillation,  Neu- 
mann obtained  the  fame  products  as  from  other  animal 
fubftances,  viz.  an  empyreumatic  oil,  a  volatile  fpirit,  and 
fait. 

According  to  Lewis,  by  impregnating  the  waters  and  Lewis, 
fpirits  diftilled  from  odoriferous  vegetables  with  a  minute 
portion  of  rnufk,  their  fragrance  is  confiderably  improved, 
without  receiving  any  of  it's  own  peculiar  aroma. 

According  to  Fourcroy,  it  refembles  caftor  in  it's  che-  Fouraoy, 
mical  properties;   it  confifts  of  refin,  united  to  a  certain 
quantity  of  mucilage,  bitter  extract  and  fait ;  it's  virtues 
are  ftronger  than  thofe  of  caftor. 

Mufk  is  extracted  from  a  bag  fttuate  near  the  umbili-  Origin  of 
cal  region  of  a  ruminating  quadruped,  refembling.the  m 
antelope  (Mofchus  Mofchifer.  Linn.)     This  bag  has  no 
external  opening,  according  to  Neumann,  like  that  of  the 
civet  cat,  and  hence  the  mufk  is  not  to  begot  till  after 
the  death  of  the,  animal.     This  chemift  informs  us,  he 
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bad  feen  the  animal  alive,  and  obferved,  that  the  apartment 
in  which  it  was  kept  had  a  very  ftrong  fmell  of  this  ani- 
mal aromatic,  and  that  on  the  white  walls  again (1  which 
the  animal  bad  rubbed  itfelf,  there  was  an  unctuous  mat- 
ter of  the  fame  fmell. 
Two  forts  Two  forts  of  muik  are  diftinguiflied  in  commerce  5  the 
one  is  enclofed  in  the  bags,  the  other  is  extracted,  and 
each  of  thefe  is  again  fubdivided  according  to  the  coun- 
tries from  which  they  are  brought.  Hence  arifes  the 
Tunquin  or  Eaft  Indian  mufk,  and  the  Mufcovyor  Perfian 
mufk.  The  Tunquin  bags  have  commonly  fmall  brownim 
hairs  upon  them,  the  Perfian  large  white  ones.  The 
former  are  accounted  the  belt  ;  but  the  difference  feems 
to  be  only  in  the  quantity,  and  not  in  the  quality,  the 
thinner  and  lefs  having  bags  containing  more  in  propor- 
tion to  their  weight  than  the  others.  From  the  dearnefs 
of  this  drug,  it  is  often  adulterated  ;  and  there  is  no  crite- 
rion to  be  depended  upon  to  afcertain  it's  purity.  The 
only  method  is  to  compare  it  with  real  fpecimens. 

Neumann's   Chemiftry,   by  Lewis,   article  Mufk.— 
Fourcroy's  Elements  of  Chemiftry. 


COLOURING  MATTER. 

Before  the  examination  of  the  colouring  matter  of 
different  animals,  it  may  be  neceffary  to  take  fome  notice 
of  the  action  of  light  upon  them. 

That  the  human  fkin,  on  being  for  fome  time  expofed 

to 'the  rays  of  the  fun,  changed  it's  natural  whitenefs  to 

rials?  an'~    that  of  brown,  vulgarly  called  freckles  or  tan,  miift  have 

been  known  from  the  earlieft  ages.     It  equally  appear? 

that  the  difference  of  colour  «f  the  human  inhabitants  of 
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tfae  globe  depends  upon  the  fame  caufe,  viz.  the  effect  of 
light  upon  the  retemucofum  of  the  fkin  ;  and  fo  univerfal 
is  it's  action,  that  not  only  the  reft  of  the  animals  are 
fubjected  to  it's  influence,  but  it  is  extended  to  variegate 
with  different  {hades  even  the  vegetable  part  of  the  crea- 
tion. 

Such  being  the  action  of  light,  it  is  very  evident,  that  Man. 
the  greater  the  quantity  of  light,  or  the  more  it  is  con- 
centrated, the  greater  will  be  the  effects  it  produces. 
Thus,  in  thofe  countries  where  the  rays  of  the  dm  are  the 
moft  intenfe,  the  darker  coloured  we  fhould  expect  to  fln^ 
their  inhabitants;  and  hence  that  blacknefs  peculiar  to  the 
negroes  and  natives  of  the  torrid  zone.  In  fome  parts  of 
Aria,  and  in  America,  and  in  the  fouthem  parts  of  Eu- 
rope, we  find  the  colour  of  the  inhabitants  varying  ac- 
cording to  the  heat  of  the  climate,  from  a  dark  copper 
colour  to  a  pale  tawny  ;  thefe  people  being  lefs  expofed 
to  the  light  than  the  negroes,  muft  neceffarily  be  lefs  dark 
coloured.  If  we  take  a  view  of  the  northern  countries, 
which  are  ftill  lefs  expofed  to  light,  we  fhall  find  their  in- 
habitants nearly  white,  whilft  the  women  of  thefe  laft 
countries,  and  thofe  who  have  been  long  confined  in  the 
dungeons  of  prifons,  who  are  the  leaft  of  all  expofed  to 
the  light  of  the  fun,  are  ftill  much  fairer,  and  even  have 
a  pallid  hue. 

The  fame  caufe  acts  on  the  other  animals.     Thus  we  Quadrii- 
find,  that  the  beafts  of  the  equatorial  countries  are  uni-  p?d** 
formly  deeper  coloured,  or,  as  it  is  called  brighter  co- 
loured, than  thofe  which  inhabit  the  polar  regions,  and 
fome  of  the  northern  animals  are  dark  coloured  in  rum- 
mer, and  white  or  pale  during  the  winter. 

The  fame  with  refpect  to  birds,  the  colours  of  which  arc  b^ 
much  darker  or  brighter  under  the  tropics  than  thofe  of 
the  north. 
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Fift  and  Y\Cn  and  Zoophytes,  the  perceptive  inhabitants  of  the 

Zoophytes.  . 

ocean,  depend,  according  to  Davy,  on  fimilar  caufes  for 
their  colours.  He  has  obferved,  that  thefe  laft,  when  ex- 
pofed  to  light,  are  uniformly  brighter  coloured  than  thofe 
which  have  been  by  any  means  fecluded  from  it  ;  and  he 
fucceeded  in  changing  the  colours  of  two  fea  anemones 
from  a  dark  red  to  a  pale  pink,  by  fecluding  them  from 
the  light. 

It  is  the  fame  with  the  parts  of  animals.  Thus  in  Eu- 
ropeans we  find  the  parts  of  the  body  expofed  to  light, 
'darker  coloured  than  thofe  that  are  concealed.  Hence  the 
great  attention  of  the  ladies,  in  thofe  countries  where  fair- 
nefs  is  accounted  an  acceffory  to  beauty,  of  covering  their 
necks  and  faces  from  the  rays  of  the  fun.  The  hair  on 
thofe  parts  of  beafts  likewife,  which  is  not  expofed  to 
light,  is  uniformly  paler  than  on  thofe  expofed  to  it's  in- 
fluence ;  and  thofe  parts  of  birds  which  are  not  expofed  to 
light  are  uniformly  pale.  Thus  the  feathers  on  the  bel- 
lies of  birds  are  generally  white  ;  the  back,  which  is  ex- 
pofed to  light,  is  almoit.  always  coloured  ;  and  the  breaft, 
which  is  partially  expofed  in  moft  of  this  tribe,  is  brighter 
than  the  belly,  and  paler  than  the  back;  whilfl  thofe  parts, 
even  of  the  fame  feather,  which  are  expofed  to  light,  are 
uniformly  brighter  coloured  than  thofe  which  are  deprived 
of  it's  influence.  The  fame  may  be  faid  of  fifh,  the  parts 
of  which  being  expofed  to  the  light,  as  the  back,  fins,  &c. 
are  always  coloured  brown,  yellow,  red,  green,  blue,  &c. 
in  different  fpecies,  but  the  belly,  which  is  deprived  of 
light,  is  found  white  in  all  of  them.  To  extend  the  fame 
.©bfervations  to  plants,  it  is  well  known,  that  in  order  to 
bleach  or  whiten  them,  nothing  more  is  neceffary  than  to 
keep  them  from  the  light;  hence  the  bleaching  of  afpa- 
ragus,  falary,  lettuce,  &c. 
Xiaingani-  To  the  fame  influence  may  be  attributed  the  paler  or 
mals,CCJ'i""  lighter  colour  of  young  animals,  when  compared  with 
•Id. 
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old.  Thus  we  are  informed  that  negro  children  when 
jfirft  born  are  white,  and  do  not  become  black  until 
after  having  been  a  few  days  expofed  to  the  light,  and 
this  blacknefs  is  found  by  obfervation  to  be  conndcrably 
accelerated  by  early  expofure  to  a  ftrong  light.  It  ap- 
pears alfo  that  the  hair  of  kittens,  puppies,  &c.  though 
fitted  by  nature  to  become  black,  is  immediately  after 
birth  of  a  brownifh  or  dark  brown  colour,  which  gra- 
dually darkens  externally  as  far  as  it  is  expofed  to  the 
light,  but  no  farther,  for,  according  to  the  obfervation  of 
Bancroft,  the  blackeft  cats  and  dogs,  even  in  old  age,  have 
that  part  of  the  hair  neareft  the  fkin  and  moft  fecluded 
from  light,  particularly  towards  it's  root,  only  of  a  brown- 
ifh black  colour,  very  different  from  what  is  feen  at  the  . 
ends  or  points ;  and  Dorthes  affirms  that  moft  of  the 
larvse  of  infects  that  inhabit  the  interior  cavities  of  ani- 
mals, as  well  as  of  earth,  fruit,  wood,  &c.  are  white,  and 
that  having  detained  many  of  them  under  tranfparent 
glands  expofed  for  fome  time  to  the  light,  they  loft  by 
degrees  their  whitenefs,  and  acquired  a  brownifh  cp* 
lour. 

To  thefe  facts  may  be  added,  that  Sennebier  mentions 
on  the  authority  of  Scheele,  that  the  nereis  lacuftris  is  red 
whilft  living  in  places  acceflible  to  the  fun's  rays,  and 
white  in  obfeurity ;  and  Dorthes  found  that  the  tree  frog 
(rana  arborea  Lin.)  which  generally  lives  in  the  fhade, 
being  obliged  to  fhift  his  fituation  into  the  funfhine, 
changes  his  colour  from  a  yellow i Hi  to  a  very  dark 
green. 

Having  given  fome  account  of  the  action  of  light  upon  2.  Efft&«ol 

n  -,>       re  cl  *■'    '•  t         -     life'11  ua 

animate  matter,  it  remains  to  fhow  it  s  effects  on  inanimate  J^  ani- 
matter.  And  here  the  fcene  changes,  for  whilft  it  gives  in-  m*1 
tenfity  to  the  colours  of  living  beings,  it  deprives  them  of 
thofe  colours  after  death.     It  is  thus  that  in  cabinets  of 
natural  hiftory,  beafts,  birds,  infects,  and  even  plants,  all 
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more  or  lefs  lofe  their  colour,  although  defended  from 
the  air,  if  they  be  expofed  to  the  light.  This  confirms 
us  in  the  pofition  that  agents  which  haften  inceflantly 
new  combinations  in  living  beings,  onlv  ferve  to  haften 
their  decomposition,  when  deprived  of  life.  It  is  to  the 
action  of  light  alfo  that  the  fading  of  (ilk  arifes.  We  are 
told  by  Poivre,  that  yellow  filk  taken  from  the  cods,  and 
expofed  to  the  rays  of  the  fun,  foon  becomes  perfectly 
white,  and  the  fame  circumftanee  of  natural  bleaching 
happens  to  ivory  and  bones  after  they  have  become  yel- 
low. Thefe  effects  are  fimilar  in  appearance  to  thofe 
which  occur  to  white  cotton  garments  and  white  lead 
paint  which  notorioufly  become  yellow,  if  deprived  of  a 
free  accefs  of  light  for  auy  length  of  time,  but  are  again 
rendered  white  by  reftoring  to  them  their  proportion  of 
oxygen  to  which  they  owe  their  whitenefs. 

That  fubftances  imb.ibe  light  has  been  long  obferved  ; 
for  Beccaria  informs  us,  that  bones,  teeth,  bezoars,  ne- 
phritic and  urinary  calculi?  and  egg  fhells  which  had  been 
expofed  to  the  fun,  gave  light  in  the  dark. 

There  have  been  feveral  opinions  with  refpect  to  the 
manner  in  which  the  rays  of  light  act  upon  animal  fub- 
fiances  fo  as  to  give  rife  to  the  facts  already  mentioned. 
According  to  Berthollet,  thefe  changes  are  produced  in 
animals  by  a  fpecies  of  combuftion,  which  from  it's  great 
flownefs  is  not  able  to  effect  a  decompofition  of  the  parts 
fo  as  to  amount  to  their  deftruclion,  but  only  to  a  de- 
ft  ruction  of  the  hydrogen,  which  as  it  combines  more 
eafily,  and  at  a  lower  temperature  than  charcoal  does, 
leaves  the  charcoal  predominant,  fo  that  the  natural  co- 
lour of  charcoal  is  more  or  lefs  blended  with  that  which 
before  exifted,  and  as  the  light  of  the  fun  confiderably 
accelerates  the  deftruction  of  colours;  he  concludes, 
that  it  ought,  if  his  theory  be  well  founded,  to  favour 
the  combination  of- oxygen  and  the  combuftion  thereby 
produced. 
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Dr.  Bancroft  dees  not  coincide  with  the  opinion  of  Bancroft. 
Berthollet;  on  giving  his  ideas  on  this  fubject,  he  firft  at- 
tempts to  prove,  that  light  wil  lunite  with  oxygenand  fe- 
parate  it  from  it's  compounds;  hence  the  revivification  of 
gold,  filver,  8cc.  from  their  oxyds  by  the  contact  of  light, 
as  Scheele  has  proved,  which,  according  to  Berthollet,  is 
produced  by  the  light  feparating  the  oxygen  in  the  form 
of  pure  air.  Hence  a  bottle  filled  with  oxygenated  mu- 
riatic acid,  expofed  to  the  light,  lets  go  it's  oxygen,  and 
becomes  common  muriatic  acid,  whilft,  if  wrapped  in 
black  paper  and  expofed  to  the  fun,  it  fuffers  no  change; 
and  if  heated  in  the  dark,  flies  off  in  tfce  form  of  oxyge- 
nated muriatic  acid  gas  without  any  feparation  of  it's 
oxygen. 

Light  having  therefore  this  effect  on  oxygen,  it  ac- 
counts for  it's  action  refpecting  the  colours  of  different 
fubftances.  Thus  the  nitrous  acid,  by  being  deprived 
more  or  lefs  of  it's  oxygen  by  light,  and  by  letting  the 
azot  predominate  in  a  greater  or  lefs  degree,  alTumes  a 
variety  of  colours,  as  yellow,  orange,  aurora  colour,  red  ; 
and  according  to  Keir,  an  orange  coloured  nitrous  acid 
by  long  keeping  became  green,  and  afterwards  of  a  deep 
blue;  hence  we  have  an  example  of  all  the  various  colours 
produced  by  the  two  fpecies  of  air  that  compofe  our  at- 
mofphere,  when  mixed  in  certain  proportions.  This 
mode  of  reafoning,  Bancroft  applies  to  animal  fubftances. 
The  only  thing  he  thinks,  however,  to  be  afcertained  on 
this  point  is,  whether  the  colours  which  accompany  or 
require  the  application  of  light,  refult  directly  from  a 
combination  of  it  with  the  coloured  fubftance,  or  indi- 
rectly from  it's  particular  action  in.  occafioning  a  fepara- 
tion of  airs  or  their  bafes  (and  particularly  of  the  oxygen) 
or  by  favouring  a  combination  thereof  with  the  coloured 
matter.  Almoft  all  animal  and  vegetable  fubftances  are 
found  to  emit  light  in  certain  ftages  of  putrefaction  or 
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decompofition,  and  therefore  it  may  be  prefumed  to  have 
been  previoufly  combined  with  fome  of  their  parts  ;  but 
how  it  acts,  or  whether  it  acts  at  all  immediately  in  pro- 
ducing the  colours  of  any  object,  feems  yet  uncertain, 
though  we  know  it  does  contribute  greatly  to  the  pro- 
duction or  change  of  colours  in  a  number  of  animal  and 
other  fubftances,  in  fome  cafes  by  combining  with  the 
balis  of  vital  air  (oxygen)  and  feparating,  by  rendering  it 
elalHc,  and  in  others,  by  promoting  the  action  or  union 
thereof  upon  or  with  particular  fubftances  5  but  it  feems 
difficult  to  afcertain  the  particular  affinities,  by  which 
fometimes  the  one,  and  fometimes  the  other  of  thefe  ef- 
fects are  produced.  Thus,  a  folution  of  filver  in  the  ni- 
tric acid  changes  colour  by  the  action  of  light,  and  be- 
comes black,  which  arifes  from  the  feparation  of  a  cer- 
tain portion  of  oxygen ;  the  fame  is  effected  by  the  appli- 
cation of  all  inflammable  bodies,  and  in  this  manner  ne- 
gro children  which  are  white,  immediately  after  birth 
become  black,  after  having  been  expofed  to  the  light  a 
few  days.  With  refpect  to  thofe  inftances  of  the  nereis 
lacuftris,  of  the  larvae  of  infects,  and  of  the  tree  frog,  it 
does  not  appear  certain  to  Dr.  Bancroft  whether  the 
light  produces  the  changes  of  colour  by  caufing  an  ab- 
straction or  an  addition  of  oxygen,  but  from  what  is 
known  of  it's  effects  in  cafes  apparently  fimilar,  he  thinks 
it  acts  in  one  or  other  of  thofe  ways. 

He  thinks  it  does  not  appear  reafonable  to  conclude, 
that  light  contributes  to  thefe  effects  on  the  colours  of 
animal  as  well  as  of  other  bodies,  othervvife  than  by  it's 
affinity  with  oxygen,  which  affinity  under  fome  circum- 
ftances,  and  with  the  aid  of  perhaps  other  unknown  affi- 
nities, fometimes  feparates  and  renders  the  oxygen  elaftic 
by  uniting  with  it,  and  at  other  times  occafions  the  com- 
bination of  an  increafed  portion  thereof,  with  the  co- 
loured fubftance.     He  thinks  that  BerthoJI*  in  his  theory 
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has  gone  further  than  is  warrantable  by  facts.  He  thinks 
the  colour  of  each  particular  fubftance  evidently  depends 
on  it's  peculiar  conftitution,  producing  in  it  a  particular 
affinity  or  attraction  for  certain  rays  of  light,  and  a  dif- 
povition  to  tranftnit  or  reflect  certain  other  rays ;  and  in 
this  refpect  that  it  may  doubtlefs  fuffer  very  confiderable 
changes  from  the  action  or  combination  of  oxygen,  with- 
out any  effects  fimilar  to  thofe  of  combuflion. 

The  opinion  of  Davy  nearly  refembles   lhat  of  Dr.  Davy. 
Bancroft.     He  ftates,  that  the  cuticle,   which  is  of  the 
fame  colour,  and  equally  pellucid  in  the  different  fpecies 
of  mankind,  appears  to  contain  no  oxygen  or  light,  and 
that  it  is  moft  probably  compofed  of  carbon,  hydrogen 
and  nitrogen  ;  that  the  rete  mucofum  is  probably  com- 
pofed of  carbon,  oxygen,  hydrogen  and  nitrogen ;  that 
the  comparative  quantities  of  carbon  and  oxygen  in  it 
appear  to   occafion  the  differences  of  it's  colours,  that 
thefe  quantities  depend  on  the  quantity  of  oxygen  attract- 
ed from  it  by  light ;  thus  light  acting  upon  the  rete  mu- 
cofum of  the  African  is  continually  fubtracting  oxygen, 
the  principle  to  which  it's  whitenefs  is  owing,  and  when 
the  oxygen  is  fubtracted,  the  carbon  becomes  the  predo- 
minant   principle;  hence  the   blacknefs   of  the    negro, 
and  the  lefs  the  inhabitants  of  a  country  are  expofed  to 
light,  the  more  oxygen  their  rete  mucofum  will  contain, 
and  the  more  whitenefs ;  hence  the   fair  people   of  the 
north  contain  in  their  rete  mucofum  it's  full  proportion 
of  oxygen.     It  appears  that  a  fubtraction  of  oxygen  from 
the  rete  mucofum,  by  any  means,  uniformly  blackens  it ; 
thus  the  application  of  fulphure  of  potaih,  according  to 
Davy's  experiments,  blackens  the  fkin  almoft  iuflantly. 
On  the  contrary,  by  combining  with  oxygen  the  rete  mu- 
cofum is  uniformly  whitened,  thus  Dr.  Beddocs  whitened 
the  fingers  of  a  negro  by  means  of  muriatic  phofoxyd 
(ftom^s  light,  and  o£vs  acid)  which  appears  capable  of 
a  3 
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giving  out  a  fmall  portion  of  oxygen,  and  of  ftill  retaining 
all  the  light  entering  into  it's  compofition.  According 
to  this  author,  the  different  colours  of  the  different  parts 
of  the  organic  matter  of  flie  body  depend  chiefly  on  the 
light  and  oxygen  entering  into  their  compofition.  Thus 
the  red  mufcles  are  phofoxydated  compounds,  which 
probably  owe  their  colour  to  their  light,  whilft  from  the 
white  colour  of  the  nerves,  and  their  office  of  conducting 
and  being  excited  into  fenfible  action  by  condenfed  light, 
we  may  conclude,  that  no  light  enters  their  compofi- 
tion. 

To  conclude,  Davy  is  of  opinion,  that  though  the  dif^ 
ferences  of  the  colour  of  the  (kin  of  different  nations  muft 
have  originally  depended  entirely  on  the  chemical  influ- 
ence of  light,  yet  when  once  thefe  colours  are  produced, 
their  changes,  are  in  fome  meafure  dependant  on  the 
mind ;  that  when  certain  colours  are  coniidered  as  beau- 
tiful, the  generating  imagination  makes  them  hereditary, 
and  the  chemical  changes  of  the  influence  of  light  are 
more  flowly  produced ;  hence  Europeans,  though  ex- 
pofed  to  light  in  the  African  countries,  do  not  become 
black  but  in  a  great  length  of  time,  and  negroes,  though 
deprived  of  light,  their  accuftomed  oxygen  attraclor,  arc 
not  blanched  for  many  generations. 
©flight  Since  light  is  found  to  have  fuch  an  influence  on  ani- 

fivin/ui;   ma^s  anc^  &S*r  Parts>  and  that  it  appears   to  be  imbibed 
theirdTd    ky  ^lenij  ty  m2Y  ^e  fuPP°fedj  that  on  certain  occafions 
Parts-         an  emiffion  of  that  luminous  body  muft  be  the  confe- 
quence,   and  this  had  not  only  been  long   ago  obferved 
with  refpect  to  living  animals,  fuch  as  fome  kinds  of  in- 
fects and  worms,  but  even  common  fiefh  had   been  ob- 
ferved to  difplay  that  appearance,  as  is  evident  from  the 
accounts  of  Boyle,  Fabricius  ab  Aquapendente,  Bartolin, 
-  „       Dr.  Beale,   &c.  but  for  a  more  minute  and  detailed  in- 
veftigationof  this  fubjecT:,  we  are  indebted  to  Spallanzani, 
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Carradori,  Brugnatelh  and  Dr.  Hulme  j  the  laft,  in  par- 
ticular, has  greatly  extended  our  knowledge  of  the  pro- 
perties of  this  luminous  matter  by  a  number  of  curious 
and  interefting  experiments. 

Thefe  philofophers,  as  well  as  others,  however,  differ  Opinions  of 
with  refpect  to  the  origin  of  this  light,  which  is  emitted  "  s  on£m' 
not  only  from  living  animals,  but  alfo  from  parts  of  them 
when  dead ;  on  one  part,  it  is  faid,  that  it  is  nothing  but 
phofphorus  which  is  undergoing  a  flow  combuftion;  on 
the  other,  it  is  aflerted,  that  the  rays  of  light  being  ab- 
forbed,  are  concentrated,  and  afterwards  emitted  accord- 
ing to  circumftances.  Perhaps,  it  is  impoffible  at  pre- 
fent  to  determine  which  of  thefe  opinions  is  the  truth,  a 
further  invert igation  being  neceffary  before  a  fatisfa&ory 
divifion  can  be  made. 

Fofter  of  Gottingen  has  obferved,  that  the  phofphoric  Light  of 
part  of  the  glow-worm  is  liquid,  and  if  this  animal  be  pref-  6' 
fed  between  the  fingers,  the  phofphorefcenee  remains  on 
them.  Chaptal  fuppofes,  that  as  phofphorus  is  foluble  in 
oils,  particularly  in  volatile  ones,  which  are  then  luminous, 
this  combination  of  phofphorus  and  oil  is  natural  in  the 
glow-worm  (Lampyris  fplcndidula).  According  to  Carra- 
dori, the  phofphoric  part  of  the. Italian  glow-worm  (Lam- 
pvrisItalica)does  not  extend  further  than  the  laft  rings  of  the 
belly  ;  it  is  there  enclofed  in  an  envelop  or  bag,  compofed 
of  a  membrane,,  one  portion  of  which  forms  the  fupc- 
rior,  the  other  the  inferior  part  of  the  belly,  and  which 
are  united  together.  Behind  this  receptacle  the  phofpho- 
rus is  found,  refembling  a  pafte,  having  the  odour  of  gar- 
lic, and  only  a  little  favour:  the  phofphorie  matter  is 
fqueezed  out  on  the  leaft  prefiure,  but  when  feparatcd 
from  the  body,  it  lofes  it's  fnlendour  in  a  very  fhort  time, 
and  is  converted  into  a  white,  dry  matter. 

Spallanzani  has  made  fome  experiments  to  determine  Examined! 
the  difference  between  the  light  emitted  from  phofphorus  Z^ 

a  4 
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and  that  of  glow-worms,  &c.  He  made  them  in  oppo- 
sition to  thofe  of  Goettling,  and  with  his  eudiometer, 
which  is  the  fame  as  that  defcribed  for  the  combuftion  of 
phofphorus,  in  the  Encyclop,  Diet.  It  confifts  of  a  glafs 
tube,  the  lower  end  of  which  is  open,  and  plunged  into 
water  or  mercury.  The  upper  part  is  clofed,  and  bent 
horizontally,  the  phofphorus,  or  other  mining  matter,  is 
put  into  that  part  about  to  be  expofed  to  the  action  of  the 
gas  in  the  tube,  and  the  diminution  of  the  volume  of  this 
gas  (hows  the  quantity  that  unites  with  the  phofphoric 
matter. 

He  firft  tried  the  action  of  different  gafes  upon  phof- 
phorus itfelf,  in  their  pure   ftate,  and  found,   that   azot 
carbonic  acid,  and  hydrogen  gafes  introduced  vmgly5  one 
after  the  other,  into  the  eudiometer,  excited  no  light  from 
the  phofphorus.     In  very  pure  oxygen  gas  it  did  not  be- 
gin to  burn  and  produce  light,  till  at  22Q  of  Reaumur.    If 
the  azot  gas  was  mixed  with  it,  light  was  produced  at 
12°,  and  by  the  mixture  of  hydrogen  gas  at  5°.     Spal- 
lanzani,  however,  does  not  conclude  it  is  from  the  gafes 
that  the  light  originates,  for  oxvgen  gas  alone  produces  it, 
but  a  high  temperature  is  neceftary,  on  the  contrary,  the 
other  gafes  when  alone,  cannot  produce  it  at  any  temper- 
ature.    Hence  it  is  the  oxygen  gas  that  is  the  immediate 
caufe  of  the  combuftion,  and  of  the  light ;  and  he  thinks 
it  can  only  be  faid,  that  the  other  gafes  difpofe  the  oxyoen 
and  phofphorus  to  a  more  ready  combuftion,  and  at  a 
lower  temperature.     The  more  oxygen  in  the  mixture, 
the  more  lively  the  light,  and  the  more  of  the  other  gafes, 
the  lefs  is  the  occafion  for  railing  the  temperature  ;  hence 
the  oxygen  is  the  caufe  of  the  production  of  light,  and 
the  other  gafes  only  make  up  for  that  temperature. 

Having  thus  examined  phofphorus,  he  directed  his  at- 
tention to  what  he  calls  other  phofphoric  fubftances,  fuch 
as  glow-worm^  putrid  fiihj  {Inning  wood,  kc.  and  thofc 
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preferred  to  him  the  fame  phenomena  as  common  phof- 
phorus,  as  to  the  light.  He  found,  that  plunged  into 
hydrogen  or  azot  gafes,  they  lofe,  by  degrees,  their  phof- 
phorefcence,  and  fooner  in  carbonic  acid  gas,  that  they 
mine  again  on  admitting  common  air,  and  become  bril- 
liant in  oxvgen  gas.  Water  does  not  deprive  them  of 
their  phofphorefcence.  The  fame  was  obferved  after  their 
death,  and  in  the  luminous  parts  feparated  from  their 
bodies. 

He  found  the  light  of  glow-worms  to  be  ftrengtbened 
by  making,  by  the  will  of  the  animal,  and  this  momenta- 
neous  increafe  of  light  was  accompanied  by  a  vibrating 
motion  in  the  phofphoric  part  of  the  animal ;  it  appeared 
to  him  to  be  made  at  the  moment  of  breathing,  and  may- 
be produced  by  pricking  the  animal.  Expofed  to  a  re- 
frigerating mixture,  the  glow  worm  lofes  it's  phofphoref- 
cence at  7°  and  becomes  hard  from  cold,  but  withdrawn 
and  placed  in  a  mild  temperature,  it  becomes  luminous 
again.  It  alfo  lofes  it's  light  on  exficcation,  and  receives 
it  again  on  being  foftened  with  water.  Spallanzani  con- 
cludes, that  the  light  of  thefe  phofphoric  bodies  arifes 
from  a  flow  combuftion  of  the  hydrogen  and  the  carbo- 
nated hvdrogen  gafes,  of  which  animal  and  vegetable 
fubftances  are  in  part  compofed, 

Fourcroy  explains  the  origin  of  the  light  of  phofphoref-  Fourcroy. 
cent  bodies,  from  the  difengagement  of  the  real  phofpho- 
rus  itfelf  diflblved  in  the  hydrogen  and  carbonic  acid 
gafes. 

Although  it  is  the  opinion  of  Spallanzani  and  others,  of 
combuftion  being  the  caufe  of  light  in  the  phofphoref- 
cent  bodies,  there  are  feveral  celebrated  chemifts  who 
entertain  a  different  opinion,  and  that  light  is  only  extri- 
cated, 

Brugnatelli  calls  that  light  which  bodies  have  the  power  BmgnateUi. 
of  abforbing,  during  their  expofition  to  the  rays  of  the  fun, 
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m  'egott  fe nf.hle  light.  He  affirms,  that  the  eyes  of  the 
hyena  and  cat  po fiefs,  this  power  even  to  the  point  of 
enl:  j,    and  in    fhort,    all   animals   called 

phofphoric  dime  from  the  difcngagemcnt  of  the  aggre- 
gate He,  however,  obferves,  that  thofe  bodies 
which  emit  light,  pr  become  phofphorefcent  on  being 
heated  to  a  certain  degree,  for  inftance,  as  feathers,  wool 
■well  dried  powder  of  fugar  of  milk,  fat  and  fweat,  &c. 
when  lightly  ed  upon  a  hot  iron  that  is  not  red,  difen- 
gagc  their  light  by  combining  with  caloric,  hence  light 
chemically  combined  only  feparates  from  thefe  from  the 
effect  of  a  greater  attraftior.. 

But  of  all  the  opponents  to  the  doctrine  of  phofphoref- 
cent light  being  produced  by  combuftion,  perhaps  Car- 
radori may  be  looked  upon  as  the  moft  formidable.  His 
obfervations  are  particularly  directed  againft  thofe  of  Spal- 
Janzani. 

Carradori  found,  that  the  phofphorefcent  light  of  glow- 
worms (luccioloni  &  lucciole)  is  fuddenly  extinguished  if 
plunged  into  alcohol  or  vinegar,  but  continues  to  fhine 
under  oil,  as  well  as  in  water  or  air  ;  he  hasfcen  the  glow- 
worms as  well  as  the  phofphorefcent  part  detached  from 
them,  continue  to  tlrine  under  oil  for  hours  together.  If 
therefore  thefe  two  kinds  of  glow-worms,  which  are  of 
different  fpecies,  and  Kkcwife  phofphoric  wood,  continue 
to  mine  under  oil,  the  light  cannot  proceed  from  a  flow 
combuftion,  as  Spallanzani  pretends,  lince  there  is  no  air 
in  oil  to  entertain  it ;  and  if  the  glow-worm  mines  under 
water,  becaufe,  as  Spallanzani  maintains,  the  oxygen  gas, 
which  is  one  of  the  principles  of  the  water,  fwells  the 
combuftion,  why,  he  afks,  does  not  the  phofphorus  of 
kunckcl  fhine 'under  water  ?  Carradori  has  likewife  feen 
a  glow-worm  that  continued  to  fhine  perfectly  in  vacuo. 
He  affirms,  that  the  light  of  thefe  infects  is  peculiarand 
innate,  and  as  fevcra!  other  animals  have  the  powei 
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accumulating  the  ele&ric  fluid,  and  of  keeping  it  con- 
denied  in  peculiar  organs,  to  emit  and  expand  it  after- 
ward at  will,  fo  may  the  glow  worms  have  the  faculty  of 
retaining,  in  a  ftate  of  condenfation,  the  fluid  which  eon- 
ftitutes  light ;  he  thinks  that  they  may  have  the  power 
even  of  extracting  the  light  which  enters  into  the  compo- 
fition  of  their  aliments,  and  of  tranfmitting  it  into  the 
refervoir  in  their  abdomen;  or  it  is  poiiible  they  may 
have  the  power  of  extracting  the  luminous  fluid  from  the 
air,  as  other  animals  do  heat  from  it  by  a  chemical  pro- 
cefs;  and  the  new  doctrine  of  Goettling  on  combined 
light,  which  has  been  Amplified  by  Brugnatelli,  renders 
this  opinion,  he  thinks,  very  probable. 

He  is  of  opinion,  that  the  obfervations  made  by  Forfler, 
that  glow-worms  emit  a  ftronger  and  more  lively  Iigjht  in 
oxygen  gas,  than  in  common   air,   does  not  depend  on 
combuftion,  and  it's  being  rapidly  excited  by  the  refpira- 
tion    of  this  gas,  but  arifes  from  a  more  agreeable  and 
lively  exiftence     they  feel,    for    the  fame     happens    in 
other  circumtUnces.     Thus  when  they  fly  freely  without 
any  interruption,  their  light  is  regular  and  beautiful  ;  but 
once  in  our  power,  they  either  emit  light  irregularly  or 
not  at  all.     On   being   difturbeci,  they  emit  a  frequent 
light,  and  this  appears  to  be  a  mark  of  refentment ;  when 
placed  upon  their  backs,  they  fhine  almolt  without  inter- 
ruption, by  making  continual  efforts  to  extricate  them- 
felves.     During  the  day,  they  muft  be  tormented  to  fhine, 
a  proof  of  it's  being;  the  time  of  their  repofe.     They  can 
fliine  at  will  in  every  point  of  their  belly,  a  proof  of  their 
being  able  to  move  any  part  of  it  independent  of  the  other, 
and  they  render  this  phofphorefcence  more  or  lefs  lively, 
and  emit  it  as  long  as  they  pleafe.    On  being  plunged  in- 
to warm  and  cold  water,  alternately,  they  fhine  with  viva- 
city in  the  firft,    and  extinguish  their  light  in  the  laft, 
another  proof  of  an  alternately  agreeable  and  difagreeabk 
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fenfation,  giving  rife  to  or  diminifhing  it;  in  hot  water,  the 
light  difappearsby  degrees.  Hence  their  light  does  not 
depend  on  external  caufes,  but  on  their  will.  He  likewife 
found,  that  from  his  experiments  on  them,  the  phofpho- 
ric  matter  undergoes  no  folnble  action  except  from  water. 

This  faculty  of  mining  is  not  deftroyed,  according  to 
Carradori,  by  incifion,  or  tearing  open  the  belly  ;  he  faw 
a  part  of  one,  almoft  extinguished,  become  fuddenly  lu- 
minous for  a  few  feconds,  and  then  infenfibly  go  out  *, 
and  fometimes  he  has  feen  a  fimilar  portion  cut  out,  pafs 
fuddenly  from  the  molt  beautiful  brilliancy  to  a  total  ex- 
tinction, and  reaffume  in  a  moment  it's  priftine  bright- 
nefs.  He  attributes  this  to  a  remnant  of  irritability,  or 
more  probably  to  the  flimulus  of  the  air,  a  mechanical 
irritation  producing  the  fame.  A  flight  compreflion 
takes  away  their  faculty  of  ceafing  to  mine.  A  piece  of 
the  phofphoric  belly  put  into  oil  fhone  but  faintly,  and 
was  foon  extinguifhed.  Exficcation  he  found  to  fufpend 
the  light,  whilft  foftening  in  water  made  it  reappear 
again.  Reaumur,  Beccari,  and  Spallanzani,  obferved  the 
fame  with  refpect  to  the  medufa,  &c. 

Carradori,  therefore,  differs  from  Spallanzani,  who 
looks  upon  the  caufe  of  phofphorefcence  to  be  a  flow 
combuftion;  and  from  Goettling,  who  attributes  it  to 
the  ficcation  of  the  azot  gas  5  and  concludes,  that  it 
arifes  from  a  diflipation  of  aggregate  light.  He  fupports 
this  againft  the  pbrjofopher  of  Pavia,  upon  the  experi- 
ments of  Beckerheim,  who  has  demonftrated  that  phof- 
phoric infects  (hine  when  plunged  in  gafes  improper  for 
combuftion  ;  and  upon  thofe  of  Beccari,  Brugnatelli,  and 
Dufay,  who  have  proved  that  light  may  combine  and 
accumulate  in  bodies,  in  a  greater  or  lefs  quantity,  accord- 
ing to  their  capacity  for  it. 

Dr.Hulme's  '•  ,  .  .  •■•»''■ 

experiments      Dr.  Hulme  diftipguiflies  this  light  emitted  by  various 
iifelfght       bodies  from  all  kinds  of  artificial  phofphori,  by  calling  it 
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fymitaneous  light ;  and  by  it's  adhering  to  bodies  with  fome 
degree  of  permanency,  from  that  tranfient  fort  of  light 
obferved  in  electricity,  in  meteors,  and  in  other  lucid 
emanations. 

The  fubftances  from  which  it  is  emitted  are  principally 
living  and  dead  marine  animals;  of  the  firft,  are  the  ftiell- 
flfli,  called  pholae,  the  medufa  phofphorea,  and  other 
mollufcae;  of  the  fecond,  marine  fifties  in  general,  when 
dead,  abound  with  it.  In  the  clafs  of  infects,  it  is  well 
known,  many  emit  light  very  copioufly,  particularly 
feveral  fpecies  of  fulgora  or  lantern  fly,  of  lampyris, 
or  glow-worm,  as  obferved  before ;  alfo  the  fcolopendra 
ele&rica,  and  the  cancer  fulgens. 

Boyle  obtained  light  for  his  ufe  from  the  whiting;  but 
Dr.  Hume  procured  it  for  his  experiments,  chiefly  from 
the  herring  and  mackerel.  His  laboratory  was  a  dark 
wine  vault,  the  heat  of  which  varied  throughout  the  year 
from  about  40°  to  64°  of  Fahrenheit.  The  weight  he 
ufed  was  troy;  the  liquid  meafure,  wine;  and  the  water, 
pure  fpring,  and  always  cold,  except  othervvife  exprefled. 

lft.  From  the  experiments  of  this  phy  fician  on  herrings 
and  mackerel,  which  he  had  previoufly  gutted,  fcaled  and 
hung  in  his  laboratory  ;  it  appears  that  light  begins  to  be 
emitted  by  them  before  any  figns  of  putrefaction  appear, 
and  that  as  foon  as  a  great  degree  of  putrefcence  has 
taken  place,  the  luminous  property  of  marine  fifties  is 
deftroyed  and  the  light  extinguiflied  ;  which  corroborates 
the  obfervations  of  preceding  authors  on  the  luminous 
appearance  of  the  flefh  of  quadrupeds,  all  of  whom  fay  i^ 
was  frefti ;  whenever,  therefore,  Dr.  Hulme  was  denrous 
of  obtaining  a  plentiful  fupply  of  light  from  thefe  ma- 
rine animals  for  his  experiments,  he  always  procured  the 
fatted  he  was  able.  This  proves  that  the  common  opi- 
nion, of  the  quantity  of  light  emitted  by  animal  fuh- 
ces  being  in  proportion  to  the  degree  of  putrefaction, 
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is  erroneous,  and  that  on  the  contrary,  the  greater  the 
putrcfeence,  the  lefs  is  the  quantity  of  light  emitted. 

i:  He  found  that  this  light  is  a  conftituent  principle  of 
thefe  bodies,  that  it  may  be  feparated  from  them  by  a  pe- 
culiar procefs,  and  retained  and  rendered  permanent  for 
fome  time,  for  it  feems  to  be  incorporated  with  their 
whole  fubftance,  and  to  form  a  part  of  them  in  the  fame 
manner  as  their  other  conftituent  principles. 

He  put  pieces  of  frefh  herring,  weighing  about  four 
drachms  each,  in  aqueous  folutions  of  different  quanti- 
ties of  Epfom  and  fea  falts,  and  in  fea  water ;  the  phial 
which  contained  them  having  a  wide  mouth,  and  he 
found,  on  the  fecond  or  third  night,  they  became  lumi- 
nous, which  light  gradually  difappeared  on  the  fixth  or 
feventh.  Similar  experiments  were  alfo  made  with  the 
roe  of  herrings,  the  flefli  and  roe  of  mackerel,  and  with 
the  tadpole,  the  flefh  and  roe  remaining  quite  frefh  and 
fweet,  which  proves  that  the  menftruum  had  extracted 
their  light.  The  foft  roe  abounds  more  with  light  than 
the  flefh,  whilft  the  hard  roe  is  lefs  luminous  than  the 
foft ;  he  found  the  mod  luminous  ftate  of  the  foft  roe  to 
be  about  the  third  or  fourth  night,  when  it  fometimes 
fhone  fo  very  fplendidly  as  to  appear  like  a  complete  body 
of  light :  they  were  laid  upon  plates  in  the  laboratorv. 
Dr.  Hulme,  therefore,  concludes,  that  this  Hghtforms  one 
of  their  conftituent  principles,  that  it  is  feparated  by  the 
menftruum  employed,  in  the  fame  way  as  the  principles 
of  any  other  body  are  feparated  by  the  menftruum  fitted 
to  decompofe  it  ;  and  as  the  light  appears  in  the  internal 
part  on  expofure  after  being  cut,  he  thinks  it  (hows,  that 
it  is  not  partial,  but  wholly  incorporated  with  every  part 
of  their  fubftance,  forming  a  part  thereof,  like  any 
other  conftituent  principle.  Hence  it  feems  probable, 
that  light  is  the  firft  conftituent  principle  that  efcapes- 
after  the  death  of  marine  fillies,  as  it  appears  foon  after, 
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and  the  flefh  and  roes  irifufed  in  the  faline  menftruums 
continued  to  emit  light  for  feveral  days  without  undergo- 
ing any  apparent  putrefactive  change.  His  experiments 
alfo  render  it  probable,  that  no  offendve  putrefaction 
takes  place  in  the  fea  after  the  death  of  fuch  myriads  of 
animals  as  daily  pcrifh  in  the  vaft  ocean,  which  is  quite 
contrary  to  what  happens  on  land,  and  that  the  flefh  of 
marine  animals  remains  pretty  fweet  for  fome  time. 

3.  Dr.  Hulme  found,  that  fome  bodies  have  a  power" 
of  extingui filing  this  fpontaneous  light  when  it  is  applied 
to  them ;  for  the  luminous  matter  of  the  herring  and 
mackerel  was  quickly  extinguifned  when  mixed  with, 
1.  Water  alone;  2.  Water  impregnated  with  quicklime, 
carbonic  acid,  and  hepaiic  gafes ;  3.  Fermented  li- 
quors, ardent  fpirits ;  4.  Vegetable  acids  and  mineral, 
both  concentrated  and  diluted;  5.  Fixed  and  volatile 
alkalis  diffolved  in  water;  6.  Neutral  falts,  viz.  faturatcd 
folutions  of  Epfom  and  common  fait,  and  fal  ammoniac; 
7.  Infufion  of  chamomile  flowers,  long  pepper,  and 
camphor,  made  with  boiling  water,  but  not  ufed  till 
quite  cool ;    8    Pure  honey,  alone. 

4.  He  found,  that  other  fubftances  have  the  power  of 
preserving  fpontaneous  light  fome  time,  when  it  is  applied 
to  them,  for  fome  of  the  luminous  matter  fcraped  from 
the  herring,  and  mixed  with  a  folution  of  two  drachms 
of  Epfom  fait  in  two  ounces  of  cold  pump  water$  being 
well  fliaken  in  the  phial,  the  whole  liquid  became  richly 
impregnated  with  light,  and  continued  fhining  for  above 
24  hours.  The  fame  took  place  in  a  folution  of  Glauber's 
fait.  Mackarel- light  afforded  the  fame  phenomenon  in 
the  aqueous  folutions  of  Rochelle  fait,  or  tartarized  na- 
tron, common  fait,  fea  water,  aqueous  folution  of  honey  ; 
and  herring-light  in  the  folutions  of  foda  phofphorata, 
faltpetre,  refined  fugar,  and  foft  brown  fugar;  the  degree 
of  illumination  depending  on  the  quantity  of  lucific  mat* 
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ter  applied ;  in  general,  however,  as  much  as  can  be 
fcraped  off  by  the  blunt  point  of  a  moderate  fized  knife, 
at  a  few  times,  will  be  fufTicient  when  afiifted  by  a  ftroug 
agitation  of  the  phial.  By  fuch  means  the  whole  liquid 
is  rendered  mod  brilliantly  luminous;  and  we  are  ena- 
bled to  impregnate  the  water  with  light,  which  light  is  fo 
extended  on  it's  furface,  and  combined  in  fuch  a  manner 
as  to  become  exceedingly  convenient  and  ufeful  for  vari- 
ous other  experiments. 

5.  He  found,  that  when  fpontaneous  light  is  extin- 
guished by  fome  bodies,  it  is  not  loft,  but  may  be  again 
revived  in  it's  former  fplendour.  Some  mining  matter 
from  the  mackerel  was  immediately  extinguiflied  in  a  fo- 
lution  of  feven  drachms  of  Epfom  fait  in  one  ounce  of 
water ;  but  in  a  folution  of  two  drachms  it  was  luminous, 
and  more  fo  in  one  drachm ;  obferving,  therefore,  the 
extinction  of  it  in  the  more  faturated  folutions,  while  the 
diluted  were  luminous,  he  endeavoured  to  find  what  be- 
came of  the  extinguiflied  light,  and  whether  it  might  not 
be  revived  bv  dilution,  and  found,  that  on  diluting  the  fo- 
lution of  feven  drachms  with  fix  ounces  of  water,  light 
immediately  burfl  out  of  darknefs,  and  the  whole  liquid 
became  beautifully  luminous,  which  remained  above  48 
hours,  i.  e.  as  long  as  other  light  does  in  general,  which 
has  never  been  extinguiflied  \  and  by  reverfing  the  expe- 
riment, extinction  is  the  confequence.  In  one  inftance 
the  fame  light,  by  a  repetition,  underwent  ten  extinctions. 

Dr.  Hume  found,  that  if  the  illuminated  liquid  be  un- 
commonly brilliant,  it  may  fometimes  require  more  fait 
to  extinguish  the  light  than  what  he  has  fpecified,  in 
which  cafe,  the  meafure  of  water  for  dilution  mull  be 
ahvavs  calculated  in  exact  proportion  to  the  weight  of 
the  fait  employed. 

G.  Spontaneous  light  is  rendered  more  vivid  by  mo- 
tion, for  fome'    illuminated  liquor  which  had   become 
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quite  dark,  on  drawing  through  it  a  finger  or  rod,  it  was 
followed  by  a  luminous  line,  and  on  moving  another 
quantity  gently,  that  had  loft  it's  luminous  quality,  ex- 
cept a  little  glimmer  floating  at  the  top,  the  light  dif- 
fufed  itfelf  gradually  through  the  whole  liquid  ;  on  agi- 
tation, the  lucidnefs  was  much  increafed,  and  the  brifker 
the  motion,  the  more  vivid  was  the  illumination. 

7.  Spontaneous  light  is  not  accompanied  with  any  de- 
gree of  fenfible  heat  to  be  difcovered  by  the  thermome- 
ter, for  a  luminous  and  a  nonlumfnous  herring  .being  in 
the  fame  temperature,  afforded  no  difference  to  the  ther- 
mometer, the  bulb  of  which  was  applied  to  them,  nor 
did  the  mercury  rife  when  it  was  placed  either  upon  a  lu- 
minous foft  roe,  or  upon  a  lucid  mackerel. 

8.  Dr.  Hulme  tried  the  effect  of  cold  on  this  fponta- 
neous  light.  He  placed  gallipots  containing  pieces  of 
foft  roe  of  herring,  and  of  herring  itfelf,  all  luminous,  in  a 
frigorific  mixture  of  fnow  and  fca  fait,  and  the  light  was 
extinguished  in  half  an  hour,  and  the  bodies  frozen.  On 
removing  the  gallipots  into  a  velTel  of  cold  water,  they 
recovered  their  former  luminous  ftate  as  they  thawed,  and 
fliined  for  three  fucceeding  nights.  The  fame  took  place 
with  fome  liquid  impregnated  with  light,  and  placed  in  a 
cold  mixture.  The  light  of  the  glowworm  was  affected 
in  the  fame  manner ;  hence  cold  extingui flies  fpontane- 
ous  light  in  a  temporary  way,  but  not  durably,  fince  a 
moderate  temperature  revives  it  again. 

9.  He  tried  the  effects  of  heat  on  fpontaneous  light. 
One  fide  of  a  luminous  fifh  expofed  to  the  fire  fo  as  to 
heat  it  ftrongly,  was  quite  dark  on  that  fide  in  the  labora- 
tory, whilfl  the  other  remained  luminous;  and  the  light 
did  not  reappear.  A  whole  herring,  very  fplendid,  being 
thrown  into  boiling  water,  had  it's  light  immediately  extin- 
guifhed,  nor  did  it  afterwards  revive.  Dead  fhining  glow- 
worms being  put  into  a  phial  of  water  at  58a,  and  funk  in 
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boiling  water,  their  light  became  more  vivid;  the  glow- 
ing property  was  alfo  augmented  at  1 14°.  Heat  alfo, 
obtained  from  folid  bodies  by  friction,  increafed  it ;  thus 
two  living  glowworms  perfectly  dark,  put  into  a  phial  that 
was  rubbed  brifkly  till  it  became  pretty  warm,  generally 
difplayed  a  fine  light.  The  fame  took  place  on  the  light 
of  a  dead  glowworm. 

On  pouring  fome  boiling  water  on  a  dead  luminous 
glowworm,  it  was  immediately  extinguished,  and  did 
not  revive.  Dr.  Hulme  found,  that  any  of  the  faline  fo- 
lutions  mentioned  at  4,  on  being  impregnated  with  light 
and  left  fome  time  at  reft,  were  rendered  more  lucid  by  a 
moderate  degree  of  heat  ;  but  their  light  was  extinguished 
by  a  great  degree  of  heat.  It  appears  that  this  fpecies  of 
jight,  united  with  water,  begins  to  be  extinguifhed  at 
from  $6°  to  100°,  and  that  the  method  of  adding  the  hot 
water  by  degrees,  and  in  fmall  quantities,  is  very  elegant, 
and  fhows  how  much  heat  is  requifite  to  extinguim  the 
light;  but  to  prevent  the  poflibility  of  any  light  being 
renewed  after  an  experiment  of  this  kind,  requires  a 
much  greater  heat  than  that  of  100°. 

Dr.  Hulme  found  that  if  much  heat  be  applied  to  the 
bottom  of  a  tube  filled  with  illuminated  liquid  that  has 
been  fome  time  at  reft,  the  light  will  defcend  in  luminous 
ftreams  from  the  top  of  the  tube  to  the  bottom,  and  be 
gradually  extinguifhed.  He  filled  a  tube  nine  inches 
long,  and  1  —  of  an  inch  diameter,  which  was  clofed  at 
one  end,  with  fome  very  luminous  liquid  over  night;  and 
procured  a  gallipot  three  inches  and  a  half  deep,  and 
three  and  a  half  wide,  holding  12  oz.  of  boiling  water, 
the  next  evening ;  the  tube  which  had  been  placed  in  the 
laboratory,  and  the  light  of  which  had  afeended  plentifully, 
taking  the  circular  form  of  the  tube,  and  forming  a  very 
lucid  ring  at  the  top  of  the  fluid,  had  it's  bottom  immerf- 
#d  in  the  boiling  water  in  the  gallipot^  when  the  light  ap- 
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peared  to  defcend  in  about  the  fpace  of  half  a  minute  in 
ftreams  to  the  bottom,  illuminating  the  whole  fluid  dur- 
ing it's  defcent  in  a  very  beautiful  manner,  and  then  was 
gradually  extinguished.  This  extinction  began  at  the. 
top  and  ended  at  the  bottom.  The  moft  eligible  fplutions 
for  this  kind  of  experiment  are  made  of  Epfom  and 
Glauber's  frits,  fea  water  and  fal  ammoniac;  and  the  ex- 
perimentalist, before  he  views  the  defgent  of  the  light  in 
the  tube,  mould  always  remain  in  the  dark  for  fome  little 
time,  to  get  rid  of  all  the  extraneous  light  adhering  to 
the  organs  of  vifion,  and  to  accuilom  the  eye  to  dark- 
nefs. 

10.  The  effects  of  the  human  body  and  of  the  ani- 
mal fluids  upon  fpontaneous  light,  Dr.  Hulme  found 
to  be  as  follows:  1.  The  living  body.  On  touching 
the  luminous  part  of  fifhes,  the  light  adhered  to  the  fin- 
gers and  different  parts  of  the  hands  ;  it  remained  very 
lucid  fome  time  and  then  gradually  difappeared  ;  but  on 
being  applied  to  pieces  of  wood,  ftone,  &c.  of  the  fame 
temperature  as  the  laboratory,  it  continued  luminous  upon 
them  for  many  hours.  2.  Blood.  Herring  light  mixed 
with  craflamentum  or  red  coagulated  part  of  the  blood, 
and  well  Stirred,  became  flightly  luminous,  but  not  of 
long  duration;  nearly  the  fame  happened  on  mixing  the 
lucid  matter  with  recent  craflamentum  of  pleuritic  and 
rheumatic  people ;  .but  with  black  and  oftenfive  craflamen- 
tum the  light  feemed  to  be  more  quickly  extinguished. 
There  was  a  curious  circumftance,  that  on  mixing  fiSh  light 
with  putrefcent  bloody  fcrum,  it  would  not  incorporate, 
but  was  ejected  in  globules  Ike  quickfilver,  and  after- 
ward adhered  to  the  fide  in  form  of  a  lucid  ring.  Mixed 
with  pure  healthy  ferum,  the  herring  light  was  foon  highly 
illuminated.  3.  Urhu.  Mackerel  light  being  Strongly 
agitated  with  frelh  urine,  a  glimpfe  of  light  was  retained 
at  fir  St,  and  then  gradually  extinguished;  but  Stale  and 
K   2 
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pungent  urine  had  a  ftill  more  extinguifhing  effect.  5. 
Milk.  Mackerel  light  incorporated  by  ftrong  agitation 
with  frefh  cows  milk,  became  highly  luminous  and  con- 
tinued mining  above  21  hours.  Frefh  cream  alfo  retain- 
ed fome  light)  though  (perhaps  owing  to  it's  thicknefs) 
it  was  not  fo  vifible  as  with  milk.  When,  however, 
milk  or  cream  turns  four,  it  contracts  a  very  extin- 
guifhing property,  as  it  puts  it  out  immediately. 


matter* 
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Colouring  It  appears,  on  treating  of  the  action  of  light  on  animals, 
that  it  has  a  great  influence  on  the  production  of  their 
colours,  and  that  light  itfelf  when  imbibed  by  bodies, 
may  become  the  fubject  of  curious  inquiries  ;  it  now  re- 
mains to  give  fome  account  of  the  nature  of  colouring 
matter,  and  of  the  chemical  action  which  different  re- 
agents have  upon  it,  for  the  purpofes  of  dying.  Upon 
taking  a  general  view  of  the  animal  creation,  we  find 
there  is  a  great  variety  of  colours,  not  only  in  different 
animals,  but  even  in  the  parts  of  the  fame  animal.  Thus, 
in  man,  and  all  quadrupeds  in  particular,  blood  is  from  a 
bright  vermilion  colour  to  a  dark  purple ;  in  infects  it  is 
white;  the  flefh  of  the  former  is  univerfally  red;  that  of 
iifh  generally  of  a  more  or  lefs  pale  colour.  The  nerves 
of  an  animal  are  of  au  opake  pearl,  whilft  the  tendons 
mine  like  filver,  and  the  brain,  the  liver  and  the  lung* 
have  each  their  peculiar  colour;  the  fame  may  be  faid  of 
the  other  parts.  In  fome  animals,  likewife,  it  appears  that 
colours  only  pervade  the  furfacc  and  cannot  be  collected, 
or  if  they  are,  the  colouring  tinge  is  flight  and  evanefcent, 
and  foon  difrjpates  -,  in  other  animals,  or  their  parts,  the 
colour  is  as  it  were  fo  concentrated  as  not  onlv  to  be  ca- 
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pable  of  being  extracted  by  different  menftrua,  but  fo 
ftable  as  to  be  communicated  to  other  fubftances  to  which 
a  colour  is  given  equally  firm  and  durable.  This  matter, 
the  colour  of  which  can  be  fo  communicated,  may  be 
called  the  colouring  matter  of  animals,  and  it  is  from  this 
kingdom  that  the  moft  rich  and  exquititely  beautiful  colours 
are  to  be  extracted,  although  they  are  very  (tw  in  number. 

With  refpect  to  the  origin  of  colour,  little  or  nothing 
is  known.  According  to  the  principles  of  optics,  the 
colouring  parts  of  an  animal  (as  well  as  of  the  other  king- 
doms) may  be  faid  to  be  thofe  parts  which  poflefs  or  ac- 
quire a  power  of  acting  on  the  rays  of  light,  fo  as  either 
to  abforb  them  all,  and  produce  the  fenfation  of  black,  as 
the  ink  of  the  cuttle  fi(h,  or  only  to  abforb  particular 
rays  and  tranfmit  or  reflect  the  others,  and  thereby  pro- 
duce the  perception  of  that  particular  colour  which  be- 
longs to  the  ray  fo  tranfmitted  or  reflected. 

Some  have  attributed  the  power  of  acting  on  the  rays 
of  light  to  phlogifton,  others  to  the  prefence  of  iron,  but  , 
the  candid  and  impartial  judge  muft  acknowledge  the"*' 
want  of  a  fatisfactory  explanation. 

There  is  great  reafon  to  believe  that  it  depends  upon 
the  proportion  of  the  component  parts  of  bodies,  more 
than   upon    the  particular  form   or  {bade  of  thofe  ul- 
timate parts  5  and  the  prevailing  opinion  is  that  the  mod 
effential  circumftancein  the  production'of  colour  depends 
on  the  abfence  or  the  different  quantity  of  oxygen,  whi  :h 
the  coloured  matter  retains  in  it's  compofition. 
parative  view  with  the  different  oxyd^  of  the  1. 
coloursof  which  appear  to  depend  on  the  different       por- 
tion of  oxygen  they  contain,  may  afford  ftrong  arg 
in  it's  favour ;  but  in  animal  fubftances,  as  the  c 
cannot  eafily  be  feparated  without  decompofing  the  <. 
component  parts,  it  is  much  more  difficult  to  detern. 
whether  the  colours  depend  upon  the    different    pr.- 
R  3 
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portions  of  component  parts,  and  in  what  manner  they 
are  affected  by  the  ab fence  or  prefence  of  the  oxygen.  A 
further  inveftigation  is  neceffary  to  clear  away  all  the 
doubts  on  this  interefting  fubjec"L  In  the  mean  time  we 
muft  reft  falisfied  with  the  explanations  of  the  three  in- 
genious chemifts  before  mentioned. 

Independent,  however,  of  the  form  and  figure  of  the 
particles  of  bodies,  the  opinion  of  fir  Ifaac  Newton  (who 
afferted  that  all  coloured  matter  reflefts  the  rays  of  light, 
fome  bodies  refleft'wg  the  more  refrangible,  others  the  lefs 
refrangible  rays,  more  copioufly,  and  which  he  affirmed 
was  the  only  true  reafon  of  thefe  colours)  has  been  called 
inqueftion,  and  in  the  progrefs  of  inquiry  another  theory 
Experi-  has  been  attempted,  which  Delaval  fupports  by  numerous 
Dttaval.  experiments.  They  were  flrft  made  on  tranfparent  co- 
loured fubftances,  as  being  of  the  flmpleft  kind,  confift- 
ing  only  of  the  colouring  particles  united  with  and  dif- 
fufed  throughout  tranfparent  media,  fuch  as  fpirit  of  wine, 
water,  &c.  From  the  examination  of  fuch  tinged  media 
he  has  been  enabled  to  difcover  feveral  properties  of  co- 
loured matter,  very  different  from  what  has  hitherto  been 
fuppofcd  to  prevail :  for  inftance,  Delaval  affirms,  from 
his  experiments,  that  in  tranfparent  coloured  fubftances, 
the  colouring  matter  does  not  reflet  any  light,  and  when  by 
intercepting  the  light  which  is  tranfmitted,  it  is  prevent- 
ed from  palling  through  fuch  fubftances,  they  do  not 
vary  from  their  former  colour  to  any  other  colour,  but 
become  entirely  black. 

For  the  purpofe  of  obferving  the  manner  in  which 
tranfparent  coloured  bodies  acl:  upon  the  rays  of  light,  he 
procured  fmall  vials  of  flint- glafs,  of  a  parallelopiped  form. 
He  covered  the  bottom  and  three  of  the  fides  of  each  of 
thefe  phials  with  a  black  varnifh,  the  cylindrical  neck 
and  the  anterior  fide,  except  at  it's  edges,  were  left  un- 
covered ;  hence  no  light  could  be  admitted,  except  through 
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the  neck  and  anterior  fide  of  them.  The  uncovered  fide 
fhould  be  placed  oppofite  the  window,  but  in  fuch  a  di- 
rection as  to  form  a  right  angle  with  it.  He  conftantly 
found  that  the  liquor  in  the  neck  exhibited  it's  colour 
diftin£Uy  and  vividly,  whilft  that  in  the  body  of  the  vials, 
viewed  through  the  uncovered  fide,  exhibited  no  colour, 
but  was  black ;  and  as  to  the  exprefiions  rtflcficd  light  . 
and  tranj mitted  light,  as  tranfparent.colouied  bodies  are 
not  endued  with  any  refiettive  power,  the  word  reflefted 
cannot  be  properly  applied  to  the  light  which  falls  on 
them;  he  has  therefore  fubftituted  the  words  incident  light, 
inftead  of  vfletted  light. 

Table  of  tranfparent  coloured  liquors  viewed  by  tranf- 
mitted  and  by  incident  light,  from  the  animal  king- 
dom. 


1.  Cochineal  infufed  in  diftilled  water 

2.  - — in  fpirit  of  wine 

3.  Kermes  infufed  in  diftilled  water 

4.  . in  fpirit  of  wine 

5.  Ox  gall  diluted  with  diftilled.  water 

6.  Blood  with  fpirit  of  fal  ammoniac 

The  few  experiments  juft  cited  are  thofe  which  Dela- 
val  made  on  animal  fubftances,  and  are  extracted  from  a 
numerous  collection  of  others  made  in  the  throe  king^ 
doms.  The  author  informs  us,  that  thefe  mow,  that 
tranfparent  coloured  liquors  do  not,  as  before  afTerted, 
yield  any  colour  by  reflection,  but  by  tranfmiffion  only. 
If  thefe  liquors  are  fpread  thin  on  any  white  ground,  they 
appear  of  the  fame  colours  which  they  exhibited  when 
viewed  in  the  necks  of  the  vials,  as  the  light  refl  £Ud 
from  the  white  ground  is,  in  this  cafe,  tranfmitted  tbxcvgK 
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the  coloured  medium  ;  hut  when  they  are  fpread  upon 
a  black  ground,  they  afford  no  colour ;  but  the  black 
ground  fhould  not  he  a  polifhed  body,  as  the  light  re- 
flected by  it  would  be  tranfmitted  through  this  medium 
on  it's  furface,  and  be  tinged  by  pafiing  through  it. 

He  found  alfo  that  opake  bodies  do  not  exhibit  their 
colours  by  reflecting  the  rays'  of  light :  he  affirms  this  to 
be  a  general  law  ;  and  as  animal  fubftances  do  not  afford 
any  great  variety  of  coloured  products,  yet,  (ince  in  thofe 
which  do  exhibit  colours,  the  colouring  particles  are  en- 
dued with  the  fame  properties  which  prevail  in  vegetables, 
they  muft  be  regulated  by  the  fame  laws.     In  vegetables, 
on  depriving  them  of  their  colouring  matter,  there  re- 
mained a  folid  white  earthy  fubftance,  which  is  the  only 
part  of  them  endued  with  a  reflective  power  ;  he  afferts, 
their  colours  are  produced  by  the  light  reflected  from, this 
white    matter,   and    tranfmitted  from    it    through  the 
coloured  coat  or  covering  which  is  formed  on  it's  furface 
by  the  colouring  particles  ;  and  that  when  the  colouring 
matter  is  difcharged,  the  folid  earthy  fubftance  is  expofed 
to  view,  and  difplays  that  wbitenefs  which  is  it's  diftin- 
guifhing  character.     In  like  manner  flefh,  which  confifis 
of  fibrous   veffels  containing  blood,   is  perfectly  white, 
when  diverted  of  the  blood  by  ablution.     The  mem- 
branes, finews,  bones,   and  other  folids  are  white,  and 
when  freed  from  their  aqueous  and  volatile  parts,  they  are 
a  mere  white  earth,  unalterable  by  fire,  and  incapable  of 
imparting  to  glafs  an  opake  whitenefs. 

From  the  experiments  with  blood  abovementioned  in 
the  vials,  and  from  the  above  confiderations,  it  appears 
to  Delaval,  that  the  florid  colour  of  the  flefh  arifes  from 
the  light  which  is  reflected  from  the  white  fibrous  fub- 
ftance, and  tranfmitted  back  through  the  red  tranfparent 
covering,/ which  the  blood  forms  on  every  part  of  it. 
The  blood  wh'ilft  recently  dFawn  does  not  affume  the 
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appearance  common  to  tra'nfparent  coloured  liquors,  for 
fuch  liquors,  when  too  tnafly  to  tranfmit  light  from  their 
farther  furfaces,  are  black.  But  blood  recently  drawn 
yields  a  red  colour,  in  whatsoever  maffes  it  is  difpofed. 
The  colour  thus  exhibited  arifes  from  a  white  matter 
■diffufed  throughout  the  blood.  This  white  matter  is 
eafily  feparable  from  the  red  part  of  the  cruor.  This 
may  be  performed  by  dividing  the  cruor  after  it  is  coagu- 
lated into  thin  pieces,  upon  which  a  fufficient  quantity 
of  water  mud  be  poured.  The  cruor  communicates  a 
red  tinge  to  the  water,  which  mould  be  changed  every 
day  ;  after  a  few  days,  the  water  no  longer  receives  any 
tinge,  and  the  remaining  maffes  of  the  cruor  are  by 
thefe  means  rendered  perfectly  white.  Thus  it  appears, 
that  not  only  the  flefh,  but  alio  the  blood  itfelf,  are  white 
fubftances  tinged  with  jed  particles. 

The  red  colour  which  the  (hells  of  lobfters  affume 
after  they  are  boiled,  is  a  mere  fuperficial  covering,  fpread 
over  the  white  calcareous  earth  of  which  the  (hells  are 
formed,  and  may  be  eafily  removed  by  feraping  or  filing 
the  furface.  Before  this  fuperficial  covering  is  attenuat- 
ed by  the  heat,  it  is  much  denfer,  fo  that  in  fome  parts 
of  the  fliells  it  appears  black,  as  it  is  too  denfe  to  admit 
the  pafTage  of  the  light  to  the  white  fubftance  of  the  {hell, 
and  back  again.  But  where  this  tranfparent  blue  colour 
is  fpread  thinner  and  rarer,  the  light  reflected  from  the 
white  fubftance  of  the  (hell  is  tranfmitted  back  through 
the  blue  film,  and  yields  a  light  blue  colour.  The  colour 
of  the  (hells  of  feveral  fpecies  of  eggs  is  a4fo  merely  fu- 
perficial, and  may  be  fcraped  off,  leaving  the  white  earth 
of  the  fhell  expofed  to  view. 

Feathers  in  like  manner,  according  to  Delaval,  owe 
their  colour  to  thin  layers  of  coloured  matter,  covering 
the  white  fubftance,  of  which  they  are  principally  formed. 
He  fcraped  off  the.  fuperficial  colour  from  fuch  parts  of 


250  COLOURING  MATTER. 

vividly  coloured  feathers  as  were  folid  enough  to  admit 
of  that  operation,  and  by  this,  means  feparated  the  co- 
loured layers  from  the  white  ground,  on  which  they  had 
been  naturally  fpread.  The  furfaces  of  the  lateral  fibres 
of  feathers  cannot  be  thus  feparated  on  account  of  their 
minutenefs.  But  as  they  appear,  when  viewed  with  a 
microfcope,  nearly  to  refemble  in  their  form  the  feathers 
themfelves,  it  feems  probable,  that  their  colours  arife 
from  a  fimilar  matter  and  conformation  in  the  fmaller 
fibres,  as  in  the  groflfer  parts  of  the  feathers. 

The  colours  of  all  animal  fubflances,  which  have  fal- 
len under  his  obfervation,  appear  to  him  to  be  effected  in 
the  manner  defcribed.  In  all  the  inftances,  the  colours 
of  the  bodies  are  produced  by  the  light  reflected  from 
a  white  fubftance,  and  tranfmitted  back  from  it 
through  a  tranfparent  coloured  covering.  The  colouring 
particles  were  extracted  from  fuch  of  the  bodies  as  were 
capable  of  yielding  them  to  any  proper  folvents,  and  in 
their  ftate  of  folution.  as  well  as  when  condenfed  into  a 
lblid  confidence,  they  were  conftantly  found  to  poffefs  a 
power  of  tranfmitting  colour,  but  Jo  be  devoid  of  any  re- 
flective power. 

In  the  examination  of  fome  animal  fubje&s,  when  the 
colouring  matter  could  not  be  feparated  from  the  white 
fubftance  by  chemical  means,  he  had  recourfe  to  me- 
chanical methods  of  xfFe6ting  their  divifion.  But  inch 
methods,  he  confeiTes,  can  only  be  employed  when  the 
principle  part  of  the  white  fubftance  is  unmixed  with  the 
coloured  coat  or  covering  which  is  fpread  upon  it's  fur- 
face. 

To  conclude,  from  all  the  experiments  and  obfervations 
of  Delaval,  it  appears  that  all  colouring  matter,  whether 
animal,  vegetable  or  mineral,  is  tranfparent  ;  that  it  does 
not  reflect  colours,  but  exhibits  them  by  tranfmiffion 
only;  and  that  opake  coloured  bodies  confift  of  tranfpa- 
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rent  matter,  which  covers  opake  white  particles,  and 
tranfmits  the  light  that  is  reflected  from  them  ;  and  this 
white  fubftance  which  compofes  animal  and  vegetable 
•bodies  confifls  principally  of  calcareous  earth.  All  co- 
louring matter  is  black  when  viewed  by  incident  light, 
and  all  fuhftances  incline  to  blacknefs  in  proportion  as 
they  are  copioufly  ftored  with  tingeing  particles. 

Bergman  appears  to  have  been  the  firft  who  obferved  This  matter 
that  the  colouring  matter  of  bodies  pofTeffes  chemical  ^exnkai 
properties  that  diftinguifh   it  from  all  other  matter  ;  for  P"'^iU<'s- 
befides  it's  feveral  affinities  with  particular  rays  of  light, 
it  has  others  which  render  it  fufceptible  of  being  ailed 
upon  and  modified  by  a  variety  of  chemical  agents,  and 
of  forming  permanent   combinations  with  other  fuh- 
ftances, fuch  as  the  filaments  of  wool,  (ilk,  cotton,  li-» 
nen,  &e. 

It  is  from  thefe  affinities  that  the  art  of  dying  arifes, 
and  thofe  beautiful  colours  communicated  that  fo  much 
adorn  the  elegancies  of  tafte  j  fince,  however,  thefe  affi- 
nities are  of  various  ftrength,  fome  being  flrong  enough. 
to  form  with  the  fubftance  to  be  dved  a  permanent  co- 
lour, whilft  others  require  an  intermedium  to  unite  them 
together,  colouring  matters  have  been  divided  into  two  7*0  kin* 

k-      1  of  clouting; 

,nds:  matters. 

1 .  Thofe  the  attractions  of  which  for  the  particles  of  the  Subft»e«e. 
'different  (luffs  are  fufficiently  ftrong  of  themfelves  for  the 

colour  to  be  fixed,  have  been  called  by  Dr.  Bancroft  fub- 
Jlantive  colours. 

2.  Thofe  of  which  the  attractions  are  not  fumcientlj' 
ftrong  of  themfelves,  but  require  fome  earthy,  metallic,  or 
other  body  that  has  an   attraction  for  both,   by  which  a 

bond  of  union  is  formed  and  the  colour  fixed,  are  called  Ad  <?&«•; 
cd]e5llve  colours. 

?.  The  body  that  is  interpofed  is  called  the  mordant  or  Mordaav 


252  COLOURING  MATTER, 

Amongft  the  firfl  may  be  reckoned  the  Tynan  pur- 
ple; and  amongft  the  fecond,  the  different  red  colours  of 
the  animal  kingdom,  for  which  we  are  indebted  to  the  in- 
fect tribes.  The  purple  is  fuppofed  to  have  been  produced 
by  a  fnail,  a  fpecies  of  murex,  and  the  red  is  taken  from 
feveral  fpecies  of  the  genus  coccus  of  the  order  hemip- 
teraof  infeclsf  fuch  as  the  coccus  cacli,  ilicis,  lacca  and 
polonicus.  According  to  Oiivier,  ufeful  colours  may 
likewife  be  obtained  from,  the  coleoptera  order,  particu- 
larly one  from  the  meloe  profcarabceus ;  and  in  America 
there  is  a  large  green  worm  which  infefts  the  tobacco 
plant ;  this  when  bruifed  affords  a  eonfiderable  quantity 
of  a  green  liquor  that  might  be  ufeful  as  a  dye.  Thus 
whilft  a  few  of  the  mammalia  regale  us  with  their  excel- 
lent perfumes,  thefe  fmaller  tribes  add  their  tribute  to  the 
arts  of  man,  by  prefenting  him  with  the  mo  ft  rich  and 
brilliant  of  colours. 


Tvrianpur-. 
pie. 


TYRIAN  PURPLE. 


The  origin  of  the  difcovery  of  the  famous   purple  fo 
much  boafted  of  by  all  antiquity  is  perhaps  unknown. 
Tradition  has  handed  down  to  us  different  accounts  of  it, 
it'sdifco-    ^  is  related,   that  a  fhepherd's  dog,  being  preffed  with 
vlltltii-   nuDSer3  broke  a  (hell  upon  the  fea  more,  when  the  blood 
quil>'.         that  ran  from  it  ftained  his  mouth  of  fo  beautiful  a  co- 
lour as  to  ftrike  the  admiration  of  thofe  that  faw  it ;  they 
endeavoured  to  make  a  dye  of  it,  and  fuceeeded.  Another 
account  is,  that  at  the  time  Hercules  was  in  love  with 
the  nymph  Tyros,  his  dog  happening  to  find  a  (hell  on 
the  fea  more,  broke  it,  and  his  mouth   was  ftained  with 
the  purple.     The  nymph  obferving  it,  and  charmed  with 
the  richnefs  and  beauty  of  the  colour,  declared  to  her 
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lover,  fhe  would  fee  him  no  more  until  be  brought  ber  a 
garment  dyed  with  the  purple.  Hercules  fucceeded  by 
collecting  a  number  of  fhells,  and  brought  the  purple 
robe  (he  had  demanded. 

Some  place  this  difcovery  in  the  reign  of  Phoenix  fe- 
cond  king  of  Tyre,  about  500  years  before  Chriftj  others 
at  the  time  that  Minos  the  firft  reigned  in  Crete,  about 
1439  years  before  the  chriftian  sera.  The  greater  num- 
ber of  authors,  however,  give  the  honour  of  the  inven- 
tion of  dying  fluffs  purple  to  the  Tyrian  Hercules.  He 
gave  his  firft  trials  to  the  king  of  Phoenicia,  and  that 
prince  became  fo  jealous  of  it's  beauty,  that  he  forbade 
it's  ufe  to  all  but  his  descendants  and  the  prefumptive  heir 
of  the  crown.  With  refpect  to  the  explication  of  the  fable 
of  the  difcovery,  we  are  informed  by  Bochart,  that  in  the 
Syriac  language  the  fame  word  fignifies  a  dog  and  a  ay^r, 
which  the  Greeks  applied  to  the  former  animal.  The 
antiquity  however  of  the  difcovery,  as  obferved  bv  Go- 
guet,  is  confirmed  by  the  teflimony  of  Homer,  who  gives 
purple  ornaments  to  heroes  who  lived  about  the  age  in 
which  it  is  faid  to  have  been  made  known. 

The  purple  dye  was  drawn  from  many  kinds  of  fea-  whmce 
{hells,  but  the  bed  were  found  near  the  ifle  where  new  e*™£«& 
Tyre  was  built.  Tbey  likewife  fifhed  for  them  in  other 
places  on  the  Mediterranean.  The  coafts  of  Africa  were 
famous  for  the  purple  of  Getulia,  and  the  coafts  of  Eu- 
rope fupplied  the  purple  of  Laconia,  which  they  held  in 
great  cfteem. 

According  to  the  accounts  of  Ariftotle  and  Pliny,  to  ^  count  of 
whom  pofterity  is  indebted  for  almofFthe  only  account,  Arirtotle 

,-.-./.  .  a'ld  "liny. 

it  was  obtained  from  an  univalve  fhell  fifh.  Pliny,  in 
whofe  time  it  feems  this  dye  had  attained  it's  'greateft 
perfection,  divides  the  principal  fliell  fifh  which  afforded  it 
into  twofpeciesj  the  firft,  comprehending  the. fmall  fpe- 
cies,  he  called  buccinum  or  whelk;  the  fecond  included 
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thofe  called  purpura,  and  were  of  a  larger  fize.     Both 
fpecies  were  fubdivided  into  fevcral  varieties ;  they  were 
likewife  diftinguifhed  by  the  more  or  lefs  beautiful  co- 
lour they  gave,  and  according  to  the  coafts  where  the 
fifhcry  was  carried  on.     Thefe  are  fuppofed  by  Fabius 
Columna  to  have  been  alfo  diftinguifhed  by  the  generic 
name  of  murex.     The  juice  was  contained  in  a  finall 
vein  found  in  the  body  of  the  buccinum  quite  colourlefs; 
it  likewife,  when  broken,  contained  a  very  fmall  quantity 
of  a  red  liquor  fhaded  with  a  black  tinge,  the  nigricans 
rofa  of  Pliny.     The  colouring  juice  of  the  purpura  was 
found  in  a  veffel  in  the  throat,  but  fo  fmall  was  it  in 
quantity  that  only  one  drcp  could  be  extracted  from  each 
animal. 
It'sprepa-       When  a  fufficient  quantity  of  the  colouring  juice  was 
j«tion.        extracted,  a  certain  portion  of  marine  fait  was  added  to 
it ;    it  was  then  macerated  for  three  days,  after  which  five* 
times  the  quantity  of  water  was  added,  the  mixture  kept 
in  a  moderate  heat,  and  the  animal  parts  which  rofe  to 
the  furface  were  feparated  from  time  to  time.     Thefe  ope- 
rations lifted  ten  days,  after  which  the  liquor  was  tried 
whether  it  had  taken  the  proper  degree  of  colour  by  means 
of  a  piece  of  white  wool. 
Methods  of       Previous  to  the  dyeing,  the  ftufT  was  differently  pre- 
dyeing  with  pared;  fome  dipped  it  in  lime-water,  others  made  ufe  of  a 
fpecies  of  fucus  which  acted  as  a  mordant  to  render  the 
colour  more  fixed.     We  are  informed,  that  the  liquor  of 
the  buccinum  did  not  afford  a  fixed  colour  of  itfelf,  but 
it  increafed  the  brightness  of  the  colour  of  the  purpura. 
In   dyeing   the  Tvriaii    purple,    they   began  with    the 
juice   of  the  purpura,    then   a   fecond  dye    was    given 
with   that,  of  the  buccinum  ]  hence  Pliny  gives  it   the 
name  of  purpura  dibatb <a%     In  other  procefTcs,  the  juices 
of  the  two  were  mixed  ;  for   inftance    to  dye  50lb.  of 
wool,  2G0lb*  of  the  buccinum  j  and  lOOlb.  of  the  juiae 
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of  the  purpura  were  taken,  by  which  means  an  amethvft 
colour  was  obtained;  fometimes  a  ground  was  given  with 
the  coccus  (the  modern  kermes),  and  afterwards  the  juice 
6f  the  purpura  was  ufed.  Likewife  a  great  variety  of 
purples  were  obtained  by  uniting  fome  of  thefe  methods, 
which  were  diftinguifhed  by  different  names ;  thus,  ac- 
cording to  Pliny,  that  of  Tyre  was  of  the  colour  of  coa- 
gulated blood,  the  amethvft  purple  took  it's  name  from 
the  (tone,  another  fpecies  refembled  violet,  &c.  It  ap- 
pears that  fome  kinds  of  purple  preferved  their  colour  a . 
Jong  time,  for  it  is  related  by  Plutarch  in  the  life  of 
Alexander,  that  the  Greeks  found  a  great  quantity  of 
purple  in  the  treafury  of  the  king  of  Perfia,  ike  beauty  of 
which  had  not  changed  during  190  vears. 

The  very  fmall  quantity  of  juice  extracted  from  thefe  &*  dear- 
animals,  and  the  length  of  the  operation  of  dyeing,  made 
the  purple  of  fo  high  a  price,  that  at  the  time  of  Auguftus. 
one  pound  of  wool  dyed  with  theTyrian  purple  could  not 
be  bought  for  thirty  pounds.  It  is  fuppofed  from  the 
commerce  of  this  precious  dye,  that  it  contributed  much 
to  the  opulence  of  that  once  celebrated  city.  From  it's 
great  price  it  was,  as  may  be  fuppofed,  an  attribute  every 
where  of  high  birth  and  dignities,  the  purple  therefore 
decorated  the  firft  magiftrates  of  Rome;  but  as  it  foon 
became  lefs  fcarce  amongft  the  opulent,  it  was  at  laft  re- 
ferved,  under  pain  of  death,  to  the  emperors ;  whilft  the 
priefts,  every  where  bufy,  canonized  it  as  a  colour  agree- 
able to  the  divinity,  and  which  when  firft  known  was  ar- 
rogated by  them  for  his  worfhip. 

For  many   centuries  nothing   was  known  refpe&ing  Redifcover* 
the  two  juices  which  formed  the  Tyrian  dye,  except  what  Moderns? 
the  ancients  had  left  us;   fo  that  although   Ariftotle  and 
Pliny  had  given  fome  intimations  of  their  being  primi- 
tively white,  and  Pliny  had  mentioned  one  of  the  inter^ 
mediate  colours  or  green  which  takes  place,  yet  the  other 
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colours  they  undergo  on  expofure  to  the  rays  of  the  fun  , 
were  notdiftindtly  noticed,  until  the  animals  which  afford 
them  were  discovered  at  the  end  of  the  laft  century  and  . 
the  beginning  of  the  prefent.     [t  was  not  till  then  that  , 
any  adequate  conceptions  could  be  formed  of  the  changes 
they  underwent  before  they  became  purple. 
Cole  and  F°r  tne  identity  of  the  (hell  Mm  of  the  ancients  with 

Reaumur     (h0fe  0f  the  moderns,  we  are  indebted  to  Duhamel,  who 

fii  trover 

the  bucci-    difcovered  the  purpura,  and  to  Cole  and  Reaumur  who 

num.  _  ,,i 

found  the  buccinum. 
The  bucci-  With  refpeel  to  the  buccinum,  it  was  found  in  1686  by 
Colein  great  plenty  on  fome  of  the  Irifh  fhores,on  the  (bores 
of  Somerfetfhire,  and  the  oppofite  ones  of  South  Wales, 
and  confiderable  profit  was  made  of  it  by  marking  linen 
with  it's  juice  of  a  fine  durable  crimfon  colour.  A  fmall 
fpecies  of  the  buccinum  was  likewife  found  by  JiuTieu  on 
that  part  of  the  French  coafts  which  is  wafhed  by  the 
Atlantic  ;  it  refembled  in  form  the  garden  mail,  and  was 
prefented  to  the  Royal  Academy  at  Paris  in  1/09,  whilft 
in  the  following  year  Reaumur  found  great  quantities  on 
the  ccaft  of  Poitou.  The  (hell  of  the  buccinum,  which 
is  coniiderably  hard,  is  firft  broken  by  a  fmall  blow,  tak- 
ing care  not  to  crufh  the  body  of  the  fifh  within.  After 
picking  oil*  the  broken  pieces,  Cole  found  the  juice  in  a 
little  white  vein  or  refervoir,  lying  tranfverfely  in  a  fmall 
furrow  or  cleft  near  to  the  head  of  the  fifh  ;  ahis  white  li- 
quor being  taken  out  is  clammy,  and  if  characters  be 
drawn  with  it,  or  if  it's  vifcid  juice  be  fqueezed  upon 
linen  or  filk,  the  part  acquires  immediately  on  being  ex- 
pofed  to  the  fun,  a  pale  yelJowifh  green,  which  quickly 
deepens  into  an  emerald  green,  then  changes  to  a  blue, 
and  laftly  to  a  deep  purple  red.  Tl?is  fucceffion  comes  on 
fo  quickly  as  fcareely  to  be  diftinguifhed,  and  the  changes 
are  made  quicker  or  flower,  according  to  the  degree  of 
the  fun's  heat.     If  the  cloth  be  now  wafhed  with  f  i 
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ing  water  and  foap,  and  laid  again  in  the  rays  of  the  fun, 
the  colour  changes  to  a  beautiful  crimfon  ;  which  fuffers 
no  further  alteration  from  fun.  or  air,  or  any  of  the  fub- 
ftances  ufed  for  allaying  the  'permanency  of  colours.  , 
Cole  likewife  found,  that  whilft  linen  marked  with 
this  white  liquor  was  drying  by  expofure  to  the  fun  dur- 
ing the  firft  time,  it  always  yielded  a  very  ftrong  fetid 
fmell  refembling  a  mixture  of  garlick  and  affa  fcetidaj  it 
appears  alfo  that  the  purple  of  the  ancients  had  a  ftrong 
fmell. 

With  refpecl:  to  the  purpura,  we  are  informed  by  du  Du  Hamel 
Hamel  that  it's  juice  receives  no  colour,  nor  communi-  th/pu!" 
cates  any,  either  to  filk  or  linen,  without  expofure  to  the  P"1'** 
fun  3   that  it  is  the  light  and  not  the  heat  of  it's  rays  that 
calls  it's  colour  forth;  for  when  the  lilk  or  linen  is  covered 
with  thin  opake  bodies  which  tranfmit    heat  without 
light,  no  colour  is  produced,  whilft  tranfparent  bodies  do 
not  impede  it.     Likewife  the  light  of  a  culinary  fire  con- 
centrated by  convex  glafles  and  concave  mirrors  has  no 
efTecl  upon  it.     Du  Hamel,  who  found  the  vifcid  colour- 
ing liquor  of  this  fifti  white,   except  in  a  few  inftances 
where  it  was  green,  and  which  he  fuppofed  originated 
from  difeafe,  gives  the  colours  it  affumed  on  expofure  to 
the  fun  in  the  following  order,     lft.  A  pale  green  or 
yellow.     2d.  an  emerald  green.    3d.  a  dark  bluifli  green. 
4th.  a  blue  with  an  incipient  rednefs.     5th.  a  purple. 
Thefe  colours  took  place  in  lefs  than  five  minutes,  and  it 
only  became  green  when  not  expofed  to  the  light.     Ac- 
cording to  Lewis,  this  fucceflion  of  colours  is  beft  obferved 
when  the  fun  is  low  and  his  aclion  is  weak,  whilft  at 
noon  m  fummer  they  are  fo  quick  as  not  to  be  eafily  dif- 
tinguifhed.     Du  Hamel  found  it  in  great  abundance  on  * 

the  coafts  of  Provence.  Snails  poflefling  the  fame  pro- 
perty are  found  to  exift  in  various  parts  of  the  world. 
From  the  account  of  John  Nieuhoff,  there  are  an  abun- 
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Others  pof-  JanCe  of  purple  fnails  found  in  the  iflands  over  aeainft 

fefling  the  r       L  >  s 

purple  co.  Batavia,  and  it  appears  that  the  Chinefe  have  the  cuftom 
of  eating  them,  at  the  fame  time  they  pick  out  of  the 
middle  of  the  animal  a  purple  coloured  fubftance  which 
they  ufe  as  red  ink.  According  to  Dr.  Peyfonnel  a 
naked  mail,  producing  a  purple  colour,  is  found  in  the 
fcas  of  the  Antilles ;  and  is  looked  upon  as  precious 
for  the  beautiful  purple  colour  it  produces,  which  is 
purple  without  the  aid  of  light.  It  is  emitted  in  the 
fame  manner  as  the  black  ink  of  the  cuttle  fifli  or  fepia, 
which  when  in  danger  f unround  itfelf  with  it's  vifcid 
bitted  black  fluid;  this  laft  was  ufed  as  ink  by  the  Ro- 
mans, and  is  faid  at  this  time  to  form  the  bafis  of  the 
Chinefe  or  Indian  ink. 

In  the  hiflory  of  Jamaica  by  Dr.  Brown,  is  a  de- 
feription  of  two  (hell  fifh  containing  a  fimilar  purple  co- 
louring liquor.  The  one  is  termed  the  larger  dark  lernca 
or  fcafnail,  and  is  very  frequent  in  the  American  feas. 
On  touching  this  animal,  he  obferves,  it  emits  a  confide- 
rable  quantity  of  a  vifcid  purple  liquor,  which  thickens 
and  colours  the  water  fo  much,  that  it  is  fcarcely  to  be 
feenfor  fome.time,  by  which  means,  like  the  cuttle  fifh, 
it  efcapes  danger.  This  liquor  colours  linen  of  a  beauti- 
ful dark  purple,  not  apt  to  be  changed  either  by  acids  or 
alkalis,  but  it  differs  from  that  of  the  buccinum  by  being 
readily  warned  out,  as  well  as  being  naturally  emitted  of 
a  purple  colour.  The  other  of  thefe  (hell  fifh  is  called 
the  purple  ocean  Jhell,  and  on  being  touched  it  emits  a  li- 
quor reiembling  the  former. 

To  thefe  it  may  be  added  on  the  authority  of  Reaumur, 
that  on  fome  of  the  French  coafls  he  found  great  num- 
bers of  fmall  elliptical  fpheroidal  bodies  adhering  to  the 
rocks  by  a  fhort  Item  like  fruits,  and  that  the  purple  fifh 
were  commonly  accumulated  plentifully  about  thefe. 
On  examination  of  the  bodies  he  found  them  to  be  vefi- 
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clcs  filled  with  a  liquor  of  the  fame  quality  as  the  juice 
of  the  fifh,  but  lefs  vifcid  and  more  readily  fpreadtng  upon 
linen.  At  'fir ft  he  fufpected  them  to  be  eggs,  perhaps  of 
the  purple  fifti,  but  could  notobferve  any  thing  like  them 
on  difiedlion.  They  are  only  in  perfection  in  autumn, 
whilft  in  fumrner  they  have  either  loft  their  colouring 
juice,  or  the  juice  it's  power  of  becoming  purple  in  the 
fun.  And  Gage  relates  that  fome  (hell  fifh  were  found 
near  Nicova,  a  fmall  Spanim  city  in  South  America, 
which  had  all  the  properties  defcribed  by  the  ancients, 
as  Pliny,  &c.  It  even  appears  that  fome  ufe  is  made  of 
them  in  dyeing  cotton  on  the  coafts  of  Guajaquil  and 
Guatimala. 

The  colours  of  the  Portuguefe  men  of  war,  or  holu- 
thuria  phyfalis  of  Linnaeus,  prcfent,  fome  of  them  a 
beautiful  crimfon,  others  a  fine  purple,  and  Dr.  Bancroft 
procured  a  fluid  of  the  fame  purple  colour,  with  which 
he  ftained  the  corner  of  a  cambric  handkerchief  that  fuf- 
tained  nine  months  repeatedly  warning  without  lofing 
much  of  it's  colour.     This  liquor  was  very  acid. 

It  is  obferved  by*  Martin  Lifter  in  the  Philofophical 
TranfacYions,  that  the  common  hawthorn  caterpillar  will 
ftrike  with  lie  a  purple  or  carnation  colour  that  will 
ftand  ;  likewife  the  heads  of  beetles  and  pifmires  will  give 
an  equally  fixed  carnation  colour;  and  he  adds,  that  the 
amber  coloured  fcolopendra  affords  by  means  of  lie  a 
moft  beautiful  amethyft  colour  equally  durable,  whilft: 
eggs  of  a  cimex  bruifed  upon  white  paper,  oommunicate 
alone  a  lively  and  bright  vermilion  colour. 

From  this  account  of  the  Tyrian  purple,  it  appears  that 
it  is  not  loft  ;  i$  however,  modern  artifts  have  neglected 
to  procure  it,  if  they  have  not  endeavoured  to  profit  from 
the  eflays  already  mentioned  as  made  by  their  contempo- 
raries, it  is  becaufe  colours  have  been  acquired  that  are 
not  only  more  beautiful   but  lefs  dear.     We  have  be- 
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fides  what  has  been  dcfcribed  a  very  detailed  defcriptroii 
of  the  manner  in  which  the  ancients  fiflied  for  the  (hell 
flfh  that  afforded  the  purple,  in  a  work  compofed  by 
Eudocia  MacrembolitifFa,  daughter  of  the  emperor  Con- 
ftantine  the  Eighth,  who  lived  in  the  11th  century. 
This  lady  was  an  eye  witncfs  of  the  account  fhe  wrote. 
Cochineal.  The  jnfe£  from  wnicn  that  beautiful  rich  red  colour 
called  crimfon  is  taken  is  of  the  order  hemiptera,  named 
by  Linnaeus,  coccus  cacti.  According  to  Berthollet,  it  is 
lometimes  oviparous,  and  at  other  times  viviparous.  The 
male  only  lives  a  month,  which  it  ends  with  it's  amours, 
and  the  female  only  furvives  him  the  following  month, 
and  dies  after  parturition.  This  infect  is  an  inhabitant  of 
-Where  the  province  of  Mexico,  and  other  Spanifh  parts  of  South 
America,  where  it  is  bred  and  collected  in  large  quanti- 
ties ;  the  commerce  it  gives  rife  to  being  eftimated  at 
many  millions  of  Dollars  annually.  It's  food  is  the  leaf 
of  the  Indian  fig,  or  prickly  pear  tree,  the  cactus  opuntia 
of  Linnaeus.     It  is  likewife  called  nopal. 

In  the  country  from  which  it  is  brought  it  is  guarded 
with  great  care  and. jealoufy,  to  prevent  foreigners  from 
tranfplanting  it  into  other  countries.  Several  attempts 
have,  however,  been  made  to  procure  it.  Thiery  of 
Menonville  had  the  courage  and  patriotifm  to  expofc 
himfelf  to  the  greateft  rifks,  by  going  to  Mexico  to  ob- 
serve the  education  of  this  infect;  and  he  was  fo  fortu- 
nate as  to  convey  this  precious  production  into  the  ifland 
of  St.  Domingo ;  but  no  accounts  have  been  lately  re- 
ceived of  it's  profperity. 

When  the  females  are  fcattered  on  the  plant,  and  the 
young  are  obferved  to  proceed  from  them,  they  begin 
i  their  culture.     They  are  afterwards  killed  by  boiling  wa- 

ter, and  dried  with  great  care  in  the  fun,  by  which  exfic- 
cation  they  lofe  nearly  §  of  their  weight. 

According  to  Spallanzani,  in  his  travels  through  the 


in  com- 
merce. 
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Two  Sicilies,  this  infect  might  be  advantageoufly  tranf- 
planted  to  the  Lipari  illands  and  Sicily,  where  the  plant 
they  feed  upon  grows  with  more  luxuriancy  than  in  South 
America. 

From  the  external  appearance  of  cochineal,  and  from 
the  fecrecy  with  which  it's  nature  was  preferved^  it  was 
for  a  long  time  fuppofed  to  be  the  entire  fruit  or  berry  of 
the  tree,  that  had  been  wrinkled  and  fhrivelled  by  the  dry- 
ing, and  when  the  fruit  or  pear  was  known,  it  was  then 
fuppofed  to  be  the  feeds  of  it.  It  is  a  fmall,  irregular, 
roundifh  body,  and  internally  of  a  red  colour.  Acofla 
was  one  of  the  firft  eye  witneffes  of  it's  being  an  infect ; 
and  Sir  Hans  Sloane,  Plumier,  and  all  the  later  travellers 
into  America,  confirm  his  account  of  it. 

The  dried  cochineal  is  forted  into  two  kinds,  viz.  into  It'svarleties 
the  large  entire  grains,  called  by  the  Spaniards,  grana,  and 
into  fmall  or  broken  ones,  which  they  call  granilh*  In 
trade,  four  forts  are  diftinguifhed :  mefteque,  campef- 
chane,  tetrxfchale,  and  fylvefter,  of  which  the  firft  is 
accounted  the  beft,  and  called  grana  fina,  and  the  laft  the 
worft,  called  by  the  Spaniards,  grana  fyhejlra.  The  three 
former  are  named  from  the  places  in  which  they  are  pro- 
duced; the  latter,  from  it's  being  found  wild,  without 
any  culture. 

According  to  Neuman,  thofe  forts  ofopuntia,  the  fruit 
of  which  is  of  thedeepeft  red  colour,  are  obferved  to  pro- 
duce the  finefl  cochineal ;  but  although  the  colour  of  the 
fruit  of  this  plant  is  red,  we  are  informed  by  Thiery,  that  the 
juice  which  this  infect  feeds  upon  is  greenifh,  and  that  it 
will  live  and  perpetuate  it,'s  fpecies  on  thofe  kinds  of 
opuntia  of  which  the  fruit  is  not  red. 

The  large  or  grana  fina  is  not  covered  with  a  cottony 
down  like  the  other,  which  down  being  ufelefs  in  dying, 
equal  parts  afford  more  colour,  and  it  is  of  a  fuperior 
price  to  that  of  fyhejira ;  but,  perhaps,  thefe  advantages 
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arc  oppofcd  by  it's  more  expend vc  education,  and  by 
it's  having  no  down,  which  caufes  it  not  to  reiiii  the  rain 
and  ftorms  lb  well  as  the  other. 

The  graha  fylvcjlra,  railed  from  the  nopal,  lofes  in  part 
the  tenacity  and  quantity  of  it's  cotton,  and  becomes 
double  the  fize  to  what  it  does  on  the  other  fpecies  of 
opuntia.  It  is  therefore  to  be  hoped,  that  by  a  com'u 
fyftem  of  education,  it  will  become  more  perfect,  and 
approach  by  degrees  the  gianay/'.v?. 

onuftTft  ^^e  ^nc>  or  k°^  cochineal,  when  well  dried  and  pre- 
ferved,  is  fomewhat  heavy,  moderately  compaclj  clean, 
and  of  a  glofiy  furface,  of  a  gray  colour,  tending  to  a  pur- 
ple. The  gray  colour  is  owing  to  a  powder  which  covers 
it  naturally,  and  a  part  of  which  itill  remains  j  the  pur- 
■  pie  {hade  is  -owing  to  the  colour  the  water  has  extracted 
on  deflroying  them.  When  chewed  it  tinges  the  fpittle 
of  a  deep  brownilh  red  colour  called  crimfon,  and  im- 
preOes  on  the  organs  of  tafte  a  kind  of  faint  and.  not 
very  agreeable  favour.  When  thoroughly  dry,  it  has  no 
fmell;  when  moift,  it  is  fomewhat  mufty. 

This  infect  may  be  preferved  along  time  in  a  dry  place. 
Hellot  fays,  that  he  tried  cochineal,  130  years'  o\d,  which 
was  as  good  as  new.     • 

Expen-         -  q    comparnip-  the  fvlvefira  cochineal  of  Mexico,  and 

jsnents  of  "  5  ' 

Beithoilet.  fome  lent  from  St.  Domingo  by  Bruley,  with  the  mei- 
tcquc,  Eertholiet  found  that  the  decbclion  of  the  fylveflra 
has  the  fame  iluide  as  that  from  St.  Domingo;  that  this 
ihade  tends  more  to.  the  crimfon  than  that  of  the  mef- 
teque;  but  the  precipitates  obtained  either  by  folution  of 
tin  or  by  alum,  are  exactly  of  the  fame  colour  as  that  of 
the  mefteque;  and  it  is  thefe  precipitates,  that,  by  com- 
bining with- the  fluffs,  give  them  their  colour. 

In  order  to  determine  the  proportion  of  colouring 
matter  the  decoctions  of  the  different  cochineals  con- 
tained, this  eh«nift  made  ufe  of  the  oxygenated  muriatic 
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acid.  He  boiled  an  equal  weight  of  each  of  the  three 
cochineals  for  one  hour;  he  poured  each  of  the  decoc- 
ions,  when  filtered,  into  feparate  graduated  glafs  cylin- 
ders, and  then  added  oxygenated  muriatic  acid  to  them 
until  the  three  were  brought  to  the  fame  yellow  hue,  and 
the  quantities  of  acid  that  indicated  the  proportions  of 
the  colouring  matter  were  found  exactly  as  follows,  viz. 
eight  for  the  cochineal  of  St  Domingo;  eleven  for  the 
fylveftra  of  commerce,,  and  eighteen  for  the  mefteque. 

Hence  the  cochineal  of  St.  Domingo  is  not  only  very 
inferior  to  the  mefteque,  but  even  to  the  fylveftra  of  Mex- 
ico, and  in  reality  it  is  much  more  downy  and  fmallcr; 
but  the  obfervations  of  JThiery  have  proved,  that  the  fvl- 
veftra,  by  a  fi;cceflion  of  generations,  if  carefully  attend- 
ed to,  lofes  part  of  it's  down,  and  becomes  much  larger; 
hence  it  is  to  be  hoped,  that  the  cochineal  of  St.  Do- 
mingo may,  by  care,  be  brought  to  the  ftate  of  perfec- 
tion of  the  Mexican,  and  perhaps,  to  fufpafs  it. 

Water,  by  decoction,  extracts  fome  of  the  colouring 
matter  of  cochineal ;  and  the  colour,  according  to  Ber- 
thollet,  is  of  a  crimfon,  inclining  ro  a  violet.  Water, 
however,  does  not  extract  all,  and  the  remaining  colour- 
ing matter,  Dr.  Bancroft  found  to  be  extracted  (which  is 
about  £  of  the  whole)  by  the  addition  of  foda  to  the  refi- 
duum, and  a  frefli  fupply  of  boiling  water.  If  this  be 
evaporated,  and  the  extract  digefted  in  alcohol,  the  co- 
louring parts  are  difTolved,  and  afford  a  refiduum  that 
only  retains  the  colour  of  wine  lees,  of  which  a  new 
addition  of  alcohol  cannot  deprive  it.  This  part,  on 
analyfls  by  fire,  affords  the  fame  products  as  other  animal 
fubftances. 

The  alcohol,  of  cochineal,  on  being  evaporated,  leaves 
a  tranfparent  refiduum  of  a  deep  red  colour,  which,  when 
dried,  has  the  appearance  of  a  refin.  It  gives  likewile 
on  di filiation,  the  products  of  animal  fubiiances,  a  con- 
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vincing  proof  that  this  colouring  matter  is  an  animal 
production. 

The  decoction  of  cochineal  enters,  with  difficulty,  in- 
to putrefaction  ;  and  on  preferving  it  more  than  two 
months,  both  expofed  to  the  air,  and  in  a  clofed  bottle, 
the  firft  prefented  no  fymptom  of  putrefaction ;  the  fe- 
cond  had  a  flight  putrid  odour.  The  firft  became  turbid 
almoft  at  the  beginning,  and  left  a  brown  violet  fediment 
on  the  filter ;  the  fecond  preferved  it's  tranfparency  a 
long  time,  and,  perhaps,  only  loft  it  from  the  effect  of  the 
incipient  putrefaction,  or  rather,  according  to  Berthollet, 
from  a  flight  combuftion  that  was  occafioned  by  a  little 
oxygen  that  had  probably  united  to  the  red  particles  of 
the  cochineal.  The  colour  of  both  had  become  crimfon, 
the  firft,  however,  was  weaker  from  the  greater  part  of 
the  colouring  particles  being  precipitated  in  confequence 
of  certain  effects  produced  by  the  air. 

Berthollet,  on  trying  the  different  effects  which  a  va- 
riety of  chemical  agents  had  upon  the  colouring  matter 
as  it  exifted  in  the  decoction,  found,  that  the  fulphuric 
acid  in.  fmall  quantity  gave  this  liquor  a  red  colour  tend- 
ing to  a  yellow,  and  a  beautiful  red  precipitate  fell  to  the 
bottom. 

The  fulphat  of  foda  produced  no  evident  change. 

The  fulphat  of  iron  formed  a  brown  violet  precipitate, 
and  the  liquor  remained  clear,  with  a  tinge  of  dead  leaf 
(feuille  morte.) 

The  fulphat  of  zinc  produced  a  deep  violet  precipitate, 
and  the  liquor  remained  clear  and  colourlefs. 

The  fulphat  of  copper  produced  a  violet  depofit,  that 
was  very  flowly  formed,  and  the  liquor  remained  clear, 
and  of  a  violet  colour. 

The  muriatic  acid  produced  nearly  the  fame  change  a§ 
the  fulphuric ;  but  without  any  precipitation. 
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A  folution  of  muriat  of  foda  gave  a  deep  rofe  coloured 
precipitate  without  rendering  the  liquor  turbid. 

Muriat  of  ammoniac  produced  a  fhade  of  purple, 
without  any  precipitation. 

The  acetite  of  lead  produced  a  purple  violet  coloured 
precipitate,  but  lef&  deep  than  the  fulphat  of  zinc ;  the 
liquor  remained  limpid. 

A  folution  of  tartar  changed  the  liquor  to  a  yellowifh 
red,  and  a  fmall  precipitation  took  place  of  a  pale  red 
colour,  whilft  the  fupernatant  liquor  remained  yellow. 
On  pouring  a  little  alkali  into  it,  it  became  purple.  The 
alkali  rapidly  diflblved  the  fmall  quantity  of  precipitate, 
and  the  folution  was  purple.  A  folution  of  tin  formed 
with  the  yellow  liquor  a  rofe  coloured  precipitate. 

Having  boiled  a  little  cochineal  with  half  it's  weight 
of  tartar,  the  liquor  became  more  red,  and  had  a  much 
lefs  deep  colour  than  an  equal  quantity  of  cochineal  with- 
out tartar ;  but  the  firft  gave,  with  a  folution  of  tin,  a 
more  abundant  precipitate,  more  of  a  rofe  colour,  hence 
tartar  favours  the  folution  of  the  colouring  parts  of  the 
cochineal  j  and  although  the  colour  of  the  folution  be 
lefs  deep,  the  precipitate  produced  from  it  by  the  folu- 
tion of  tin  has  a  deeper  and  more  rofy  hue.  This  experi- 
ment, Berthollet  thinks,  deferves  fome  attention,  in  order 
to  judge  of  the  influence  of  the  tartar  in  the  procefs  of 
dying  fcarlet. 

*  A  folution  of  tartar  being  poured  to  the  liquor  of  de- 
coclion,  and  afterwards  a  folution  of  tin,  a  depofit  was 
more  readily  formed  than  by  tin  alone,  which  was  of  a 
rofe  colour  tending  to  a  lilac,  and  although  an  excefs  of 
the  folution  of  tin  was  added,  the  liquor  remained  fome- 
what  yellow* 

A  folution  of  alurn  brightened  the  colour  of  an  infu- 
Jion  of  cochineal*  and  gave  it  a  redder  hue,  a  crimfon 
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precipitation  took  place,  and  the  liquor  retained  rather  a. 
redcli  ih  crirrifpn  colour. 

A  mixture  of  alum  and  tartar  produced  a  brighter  co- 
Jour,  more  lively,  and  tending  to  a  yellowilh  red  ;  a  pre- 
cipitation took  place,  but  much  lefs  in  quantity,  and 
much  more  pale  than  in  the  preceding  experiment. 

A  folution  of  tin  formed  a  large  depofit  of  a  beautiful 
red  colour;  the  liquor  was  clear  as  water,  and  no  change 
of  colour  took  place  on  the  addition  of  an  alkali. 
Soil™"  *or   a  more  extcnu*ve  inveftigation   of  the  colouring 

matter  of  cochineal,  and  the  various  colours  produced 
upon  it  by  different  agents,  we  are  indebted  to  the  labours 
and  inveftigation  of  Dr.  Bancroft.  He  has  particu- 
larly paid  attention  to  the  method  of  producing,  with  this 
colouring  matter  of  cochineal,  which  is  naturally  a  enm- 
fon,  that  mod  beautiful  and  fplendid  of  all  others,  the 
fcarlet  colour,  the  richeft  of  any  that  the  art  of  dying  has 
been  able  to  produce.  The  fliades  of  this  fcarlet  colour 
are  known  to  be  various,  from  a  more  or  lefs  deep  red,  to 
a  more  or  lefs  vivid  fire  coloured  fcarlet ;  but  as  the  com- 
mon operations  were  infufficient  to  produce  thefe  (hades, 
other  experiments  were  necefTary,  which  appear  to  have 
been  made  with  great  accuracy. 
Difcovety         \[  \s  moft  probable,  for  manv  years,  that  cochineal  was 

ei  fcarlet.  ,  *  .  '    '  '  .  • 

made  uie  or  in  Lurope  as  a  dve,  the  aluminous  bans 
was  the  only  mordant  employed  for  this  purpofe.  An 
opportunity,  however,  accidentally  occurring  to  Kepfler,  a 
German  chemifl,  of  feeing  the  wonderful  effects  of  a  fo- 
lution of  tin  by  the  nitrous  acid  in  exalting  the  colour  o. 
this  fubftance,  the  difeovery  of  the  cochineal  fcarlet  was 
the  confequence.  KepnVr,  eras  he  is  fometimes  called, 
Kufter,  brought  his  fecret  to  London,  in  1543;  fuch  is 
the  account  which  Kunckel  gives  0/  the  difeovery  of  his 
countryman; 
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It  has  been  generally  fuppofed  by  writers  on  this  fub- 
jecT,  that  after  the  effecT.  of  tin  upon  the  cochineal  colour 
had  been  difcovered,  nothing  was  wanting  to  produce 
fcarlet  than  to  apply  the  colour  fo  produced,  as  a  dve  to 
wool ;  or  in  other  words,  that  a  nitric  or  nitro-muriatic 
folution  of  tin  was  fufficicnt  to  change  the  natural  crim- 
fon  of  cochineal  to  a  fcarlet.  This,  however,  Dr.  Ban- 
croft efteems  as#an  erroneous  opinion,  for  this  folution 
only  produces  a  erimfon  or  rofe  colour,  and  not  a  fcarlet, 
unlefs  other  means  be  employed  to  incline  the  cochineal 
colour,'  as  far  as  may  be  neceifary,  toward  a  yellow  hue  ; 
and  the  means  of  doing  this  feem  to  have  been  ftumbled 
upon  without  any  knowledge  of  their  real  effect.  Tartar 
was,  and  is  the  ufual  mordant  for  the  dying  of  woollen 
cloths,  as  it  gives  the  cochineal  the  vellowilh  tendency 
ncceflary  to  produce  a  fcarlet.  This  chemift  found,  on  in- 
quiry, that  fcarlet  was  a  compound  colour,  confifting 
probably  of  -I  of  a  moil  lively  pure  erimfon  or  rofe  co-  pound  co- 
lour, and  J  of  a  pure  bright  yellow.  Now  the  great  de-  CMmfmand 
fideratum  was,  to  find  out  a  yellow  from  other  drugs,  yvllo%v- 
equivalent  to  the  converfion  of  -L  of  the  cochineal  colour- 
ing matter  from  it's  natural  erimfon  to  the  yellow  co- 
lour. The  muriatic  folution  of  tin  appeared  the  heft  as 
a  mordant,  as  it  fixed  and  reflected  the  pure  erimfon  or 
rofe  colour  of  the  cochineal  unchanged  and  with  the  ut- 
moft  brightnefs.  Alum,  though  it  fixes  it's  colouring 
particles  more  durably,  degraded  or  altered  the  natural 
colour  of  the  cochineal  folution,  as  well  as  folutions  of  all 
the  earths  and  metals,  tin  excepted.  To  produce  a  fear- 
let,  therefore,  it  was  only  neceOary  to  fuperadd  and  inti- 
mately combine  with  this  erimfon  or  rofe  colour,  a  fuita- 
ble  portion  of  a  lively  golden  yellow,  capable  of  being 
properly  fixed  and  reflected  by  the  bafis.  Such  a  yellow 
Dr.  Bancroft  found  in  the  quercitron  bark  (quercus  ni-  Produce* 
graLin,)  and  in  young  fuftic  (rhus  coiinu*  Lin.)  although  trunbaik," 
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and  murio-  thelaft  is  much  lefs  bright  and  lefs  durable.  The  querci- 
foiutJbnof  tron  bark  is  not  only  the  brighteft  but  the  eheapeft  of  all 
yellows ;  for  according  to  this  chemift,  1  pound  of  the 
powdered  bark,  which  only  coft  three  pence  farthing,  with 
a  fufficient  quantity  ofmuriatof  tin,  dyed  between  30  and 
40  pounds  of  woollen  cloth  of  a  full  bright  golden  yellow, 
and  this  being  afterwards  dyed  in  the  fame  liquor  with  £ 
lefs  of  cochineal  than  what  is  ufually  enjployed,  acquired 
a  fcarlet  equal  in  beauty  and  durability  to  any  that  is  ufu- 
ally given  by  ordinary  means  with  a  full  proportion  of 
cochineal.  He  found  that  three  pounds  of  muriatic  acid, 
which  only  coft  one  milling,  might  be  made  to  diflblve  a 
pound  of  tin,  that  would  require  eight  pounds  of  fingle 
aqua  fortis  to  diffolve ;  and  that  the  muriatic  had  likewife 
this  advantage,  that  a  folution  made  by  it  was  as  tranfpa- 
rent  and  colourlefs  as  the  pureft  water,  and  capable  of 
being  preferved  for  many  years  without  the  leaft  altera- 
tion, whilft  the  nitro-muriatic  folution  of  tin,  or  fpirit  of 
the  dyers,  becomes  turbid  and  gelatinous  very  fpeedily, 
and  even  in  a  few  days  if  the  weather  be  wann  $  it  may 
alfo  be  added,  that  the  muriatic  folution  feems  to  exalt  the 
colour  both  of  the  quercitron  bark  and  of  the  cochineal 
more  than  any  other.  He  likewife  faved  all  the  tartar 
employed  in  the  old  procefs,  and  extracted,  by  potafh,  a 
part  of  the  colouring  matter  of  the  cochineal,  fuppofed  to 
have  been  before  always  loft,  and  obtained  by  means  of 
the  bark,  as  much  yellow  as  was  required  for  the  compo- 
lition  of  this  colour  with  the  cochineal  crimfon,  inftead  of 
converting  any  part  of  this  laft  more  coftly  colour  into  a 
yellow.  He  found,  however,  that  the  muriat  of  tin  pof- 
feffed  a  very  corrofive  property  ;  hence  he  ufed  the  nitrat 
of  tin,  which  he  found,  contrary  to  his  expectation, 
(when  unmixed  w:th  tartar)  only  to  produce  a  crimfon, 
but  that  if  tartar  was  employed  either  with  the  muriatic 
or  nitric  folutions  of  the  metal,  a  fcarlet  colour  was  the 
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eonfcquencc.  The  contrary  to  this  was  the  general  opi- 
nion ;  for  according  to  Berthollet,  tartar  gives  a  deeper  and 
more  rojy  hue  to  the  colouring  matter  of  the  cochineal, 
precipitated  by  the  folution  of  tin,  and  it  moderates  the 
action  of  the  nitro-muriatic  acid,  which  tends  to  give 
fcarlet  an  orange  caft.  After  various  experiments,  there- 
fore, Dr.  Bancroft  found,  that  the  beft  was  a  folution  of 
about  fourteen  ounces  of  tin  in  a  mixture  of  2  pounds  of 
oil  of  vitriolwith  three  pounds  of  muriatic  acid.  The 
muriatic  acid  is  to  be  firft  poured  upon  a  large  quantity 
of  granulated  tin,  in  a  large  glafs  receiver,  and  the  oil 
of  vitriol  afterwards  added  (lowly ;  thefe  acids  being 
mixed  are  left  to  faturate  with  Che  tin ;  this  folution  is 
more  rapidly  promoted  by  a  fand  heat.  This  murio-ful- 
phuric  folution  of  tin  is  perfectly  tranfparent  and  colour- 
less, and  remains  fo  many  years ;  it  produces  full  twice 
as  much  effect  as  the  dyers  fpirit  or  nitro-muriatic  folu- 
tion of  tin,  with  lefs  than  \  of  the  expenfe.  It  raifes 
the  colour  more  than  the  dyers  fpirit,  and  full  as  much  as 
the  tartrite  of  tin,  without  changing  the  natural  crimfon. 
of  the  cochineal  towards  the  yellowim  hue,  and  is  the 
bed  mordant  or  bafis  for  producing  a  compound  fcarlet, 
with  the  cochineal,  crimfon,  and  quercitron  yellow, 
in  which  operation  $  of  the  cochineal  may  be  faved/ 
To  this  it  may  be  added,  that  by  ufing  the  quercitron 
bark,  not  only  I  of  the  cochineal  is  faved,  but  the  fcarlet 
compofed  of  thefe  two  may  be  dyed  upon  woollen  and 
linen  yarn  without  any  danger  of  it's  being  changed  to 
a  rofe  or  crimfon  by  the  procefs  of  fulling,  as  always  hap- 
pens to  fcarlet  dyed  by  the  ordinary  means,  and  if  it  be 
compared  with  the  common  fcarlet  by  candle  light,  it 
appears  at  lead  to  be  feveral  fhades  higher  and  fuller,  and 
is  not  to  be  fpotted  or  changed  by  chemical  agents,  fuch 
as  calcareous  earth,  foap,  alkaline  falts,  &c. 
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The  pro-  1'he  proccfs  is  to  put  the  cloth  to  be  dyed  fcarlet  into 
a  proper  tin  vefle]  nearly  filled  with  water,  with  which 
about  eight  pounds  of  murio-fulphuric  iblution  of  tin 
have  been  previously  mixed;  the  liquor  is  then  boiled, 
turning  the  cloth  through  it  as  ufual  for  $  of  an  hour, 
the  cloth  being  then  taken  out,  four  pounds  of  cochineal 
and  two  pounds  and  a  half  of  quercitron  bark,  are  to  be 
added  in  powder ;  having  mixed  them  well,  the  cloth  is  to 
be  returned  inio  the  liquor,  the  boiling  and  operation 
continued  until  the  colour  is  duly  raifed,  and  the  dying 
liquor  exhaufteJ,  which  is  in  about  fifteen  or  twenty  mi- 
mites;  the  cloth  is  then  taken  out  and  rinfed  as  ufual. 
By  this  method  the  time*,  labour,  and  fuel  neceflary  for  a 
feeond  procefs  will  be  iaved,  the  operation  finiilied  more 
fpeedily,  and  a  faving  of  ail  the  tartar,  f-  of  the  coft  of 
fpirit  or  nitro-muriatic  folution  of  tin,  and  f  of  the  co- 
chineal ufually  employed,  and  the  colour  is  not  inferior 
to  that  dved  in  the  ordinary  way  ;  and  as  to  the  fcarlet, 
every  poffible  made  between  the  crimfon  and  the  Yellow 
colours  may  be  produced  by  only  increafing  or  diminim- 
mg  the  proportion  of  bark.  '  If  a.crimfon  or  rofe  co- 
lour is  wanted  the  bark  is  omitted. 

mcutfkand      ^  remains  to  give  an  account  of  the  experiments  Dr. 

eanhybafes  Bancroft  made  to  difcovcr  the  effects  which  metallic  and 

•n  the  co-        • 

louring  earthy  bafes  have  upon  the  colouring  matter  of  cochineal, 
cochineal.  !■•  Effects  of  metallic  bafes  upon  woollen  cloths  with 
the  colouring  matter. 

The  nitro-muriat  of  platina  produced  with  cochineal, 
a  red,  which  by  the  addition  of  chalk,  became  a  chefnut 
colour. 

Coohineal  with  nitro-muriat  of  gold,  a  reddifh  brown. 

With  nitrat  of  filvcr,  a  dull  red,  and  with  muriat  of 
filver,  a  lively  reddilh  orange. 

All  the  preparations  of  copper  appear  to  fadd'en  and 
debafe  the  colouring  matter ;  and  thofe  of  mercury,  in  a 
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much  greater  degree,  and  they  appear  likewife  to  annihi- 
late a  considerable  part  of  the  colour  as  well  as  debafe  it. 

With  the  acetite  of  lead,  a  purple  colour,  inclining  to 
the  violet,  is  produced.  With  nitrat  of  lead,  a  delicate 
lively  colour,  between  red  and  cinnamon,  but  more  in- 
clining to  the  former.  A  little  murio-fulphat  of  tin 
added  to  the  laft,  changed  it  to  a  good  crimfon. 

With  either  the  fulphat,  nitrat,  muriat,  or  acetite  of 
iron,  a  dark  violet,  and  even  a  full  black  colour  is  pro- 
duced, when 'the  cochineal  is  in  futricient  quantity. 

The  oxyd  of  tin  (formed  by  means  of  aqua  fortis)  with 
an  equal  quantity  of  cochineal,  gave,  on  boiling,  a  full 
equal  crimfon,  fomewhat  deficient  in  brightnefs.  Tartar 
or  lemon  juice  being  added,  a  good  fcarlet  was  produced. 
By  fubftituting  cauftic  volatile  alkali  for  thefe  two  laic, 
there  arofc  a  crimfon  colour,  greatly  inclining  to  a  purple. 
Hence  Dr.  Bancroft  is  of  opinion,  that  the  oxyd  of  tin 
does  hot  act  in  all  cafes,  merely  as.fuch,  but  it's  effects 
often  depend  on  triple,  quadruple  and  fometimes  even 
more  complex  combinations,  in  which  different  faline 
and  other  parts  of  the  compound  rsmain  permanently 
united,  at  leaii  where  the  fhades  of  colour  depending  on 
them  arc  found  permanent.  Hence  fea  fait,  and  other 
purely  faline  matters,  having  no  earthy  or  metallic  bafis, 
cannot  become  the  balls  of  any  adjective  colour,  but  pro- 
duce lofting  effects  in  modifying  and  varying  the  com- 
plexions of  different  colours.  It  mud,  however,  be  ob- 
ferved,  that  this  oxvd,  although  after  being  well  warned 
and  dried,  it  was  capable  of  dying  a  crimfon  on  woollens 
with  cochineal,  and  a  fcarlet,  where  either  tartar,  lemon 
juice,  or  quercitron  bark  were  added,  would  not  perma- 
nently combine  with,  or  become  the  bafis  of  thefe  colours 
upon  cotton;  and  on  woollen  it  was  only  the  finer  parti- 
cles of  the  calx  that  really  combined  with  the  colouring 
matter  and  the  wool,  the  grofTer  being  always  diftinctly 
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found  at  the  bottom  of  the  veffd  ;  it  is  likewife  necefTary 
that  the  oxyd  and  the  colouring  matter  fhould  be  previ- 
oufly  mixed  together,  and  exert  their  mutual  attractions 
upon  each  other  before  they  can  be  properly  taken  up  by 
the  clotji. 

Cochineal  with  nitrat  of  tin  produced  a  fine  erimfon, 
and  when  the  cloth  was  boiled  in  the  fame  with  tartar,  it 
was  changed  to  a  good  fcarlet.  Tin  difiblved  immedi- 
ately in  a  mixture  of  aqua  fortis  and  tartar  produced  a 
fcarlet  much  more  and  highly  beautiful.  Refined  fugar 
or  alcohol  added  in  the  formation  of  nitrat  of  tin  render- 
ed the  foluti  on  unfit  to  combine  with  the  fibres,  of  the 
cloth,  or  ferve  as  a  mordant. 

With  a  folution  of  tin  by  muriatic  acid,  it  dyed  a 
beautiful  erimfon,  and  with  a  folution  of  that  metal,  by 
*  mixture  of  tartar  and  muriatic  acid,  a  beautiful  fcarlet. 
The  acid  of  tar  added  with  the  muriatic  folution,  pro- 
duced a  dark  erimfon;  and  with  tin  and  a  little  manga- 
nefe  in  the  muriatic  acid,  a  very  bluifh  erimfon.  Borax 
with  the  muriatic  folution  of  tin,  dyed  a  very  good 
erimfon. 

With  tin  calcined  by  the  long  continued  acYion  of 
fulphuric  acid,  it  dyed  a  falmon  colour;  and  with  a  re- 
cent folution,  a  reddifh  falmon  colour,  inclining  a  little 
to  the  erimfon.  The  fame  colour  was  produced  with 
tin  diffolved  in  equal  parts  of  fulphuric  and  nitric  acids. 
"  Oil  of  vitriol  poured  on  tartar  ^1  granulated  tin  became 
black,  and  this  tartaro-fulphurie  folution  with  cochineal 
gave  an  aurora  colour. 

With  a  folution  of  tartrit  of  tin  a  very  beautiful  fcarlet 
was  produced,  inclining  a  little  to  the  aurora.  A  fimilar 
colour  was  made  by  water  faturated  with  cream  of  tartar 
in  which  granulated  tin  had  been  kept  fix  weeks. 

With  the  citrat  of  tin, .a  fcarlet  of  which  nothing  can 
exceed  the  beauty,  and  inclining  like  the  preceding,  a 
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little  to  the  aurora.  This  citric  acid  with  tin  is  found  to 
acl  at  lead  as  efficacioufly  as  that  of  tartar,  in  yellowing 
the  cochineal  crimfon. 

With  acetite  of  tin,  a  fcarlet  inclining  a  little  to  the 
crimfon  ;  the  folution  had  an  unpleafant  fmell. 

With  tin  difiulved  by  acid  of  tar,  a  colour  was  pro- 
duced between  the  fcarlet  and  crimfon  ihades. 

With  phofphat  of  tin,  an  aurora  colour. 

With  fluat  of  tin,  a  very  good  fcarlet. 

Cochineal,  with  nitrat  of  zinc,  produced  a  lively  ftrong 
lilac  colour. 

With  muriat  of  zinc,  a  colour  like  the  preceding,  but 
inclining  a  little  more  to  the  purple.  Dr.  Bancroft  thinks 
that  probably  the  iron  ufually  contained  in  zinc  may 
have  contributed  in  thefe  inftances  to  incline  the  cochi- 
neal crimfon  fo  much  to  the  blue  or  violet  Ihades,  fince 
a  purer  oxyd  of  zinc,  the  lapis  calaminarig,  dirTolved  in 
muriatic  acid  ga\  e  a  fcarlet  with  cochineal,  but  very  little 
inferior  to  that  commonly  produced  by  the  nitro-muriat 
of  tin  and  tartar,  and  upon  adding  a  little  murio-tartrit 
of  tin  to  the  dying  liquor,  a  very  beautiful  fcarlet  was  the 
confequence;  hence  the  pure  oxvd  of  zinc  appears  to  this 
chemiR  to  approach  neared  to  that  of  tin,  in  exalting  the 
colouring  matter  of  cochineal. 

With  different  folutions  of  bifmuth,  various  ihades  of* 
lilac  were  produced,  fome  of  which  were  very  lively  and 
delicate  ;  but  all  the  preparations  of  this  femimetal,  inllead 
of  difplaying  and  exalting  the  cochineal  colour,  tended 
to  render  a  part  of  it  latent.  The  acetite  of  bifmuth  did 
this  lefs  than  mod  of  them,  it  gave  a  pretty  good  pur- 
ple, and  the  murio-fulphat  of  bifmuth  a  falmon  co- 
lour. 

With  nitrat  of  cobalt,  a  good  purple  was  produced. 

With  nitrat  of  nickel,  a  dark  lilac,  inclining  to  the 
violet. 
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With  ful ph at  of  manganefe,  an  orange  colour,  with 
nitrat  of  manganefe,  a  colour  refembling  the  madder 
red. 

With  a  folution  of  crude  antimony  in  nitric  acid  a 
.  fcarlet  was  produced,  very  much  like  that  with  lapis  ca- 
laminaris  in  the  muriatic  acid,  and  very  little  inferior  to 
the  beft  fcarlets  given  with  the  tin  balls. 

With  the  acidulous  arfeniat  of  potafh,  or  Macquer's 
arfenical  neutral  fait,  a  lively  good  purple  colour  was  pro- 
duced. 

2.  Effects  of  fcveral  kinds  of  earths  as  bafes  for  the 
cochineal  colouring  matter  upon  wool. 

Alumine  well  warned,  dried  and  finely  powdered,  ap- 
peared incapable  of  fixing  or  ferving  as  a  bafis  of  the  co- 
chineal colour,  hence  it  differs  materially  from  the  pow- 
dered calx  of  tin.  The  fame  pulverized  alumine,  how- 
ever, boiled  with  cream  of  tartar,  was  fo  far  diffolved  by 
the  acid  as  to  produce  a  good  crimfon,  though  not  much 
better  than  that  produced  with  the  fnlphat  of  alumine  or 
common  alum.  This  alumine  diffolved  by  lemon  juice 
dyed  a  verv  good  rich  full  crimfon.  Diffolved  by  nitric 
acid,  a  good  red  colour,  inclining  to  crimfon.  In  mu- 
riatic acid,  a  crimfon  very  little  different  from  that  pro- 
duced with  common  alum. 

Lime-water  with  cochineal  dyed  a  purple,  which  took 
but  (lowly,  and  required  long  boiling.  Sulphat  of  lime 
dyed  a  full  dark  red.  Nitrat  of  lime,  a  lively  red,  ap- 
proaching to  a  fcar]et.  Dr.  Bancroft  found  that  cloth 
boiled  in  water  with  nitrat  of  lime,  and  then  dyed  in 
clean  water  with  cochineal  and  tin,  diffolved  by  aqua 
fords  and  tartar  mixed,  received  a  good  fcarlet.  Muriat 
of  lime  dyed  with  cochineal  a  purple.  Cloth  boiled  with, 
chalk  and  alum,  and  then  dyed  in  clean  water  with  co- 
chineal, took  a  good  crimfon,  inclining  to  the  bluifh 
fhade. 


COLOURING    MATTER.  275 

Sulphat  of  barytesnot  being  foluble  in  water  could  not 
be  tried.  Muriat  of  barytes  dyed  a  good  lively  purple 
with  the  cochineal,  and  nitrat  of  barytes  nearly  fimilar, 
but  inclining;  a  little  more  to  the  crimfon. 

Magnefia  alone  did  not  ferve  as  a  mordant.  The  ful- 
phat  of  magnefia  (Epfom  fait)  dyed  with  cochineal  a 
lively  purple,  though  it  took  but  flowly,  and  required 
long  boiling.  Acetite  of  magnefia  gave  a  lilac  co- 
lour. 

Siliceous  earth  or  powdered  flints  with  pure  potafh,  and 
difiblved  in  a  crucible  by  a  violent  heat,  appeared  at  firft 
not  to  have  fufficient  affinity  for  the  fibres  of  the  cloth 
and  the  colouring  matter,  but  on  adding  a  little  fulphu- 
ric  acid,  fo  as  to  decompofe  and  neutralize  a  part  of  the 
alkali,  combined  with  the  filiceous  earth,  the  colour  took 
freely  and  rofe  to  afuil  rich  pleafing  purple,  in  which  the 
red  or  crimfon  predominated  confiderably,  and  this  co- 
lour proved  afterwards  fufficiently  durable. 

Hence  it  appears,  that  befides  the  metallic  oxyds  and 
folutions,  the  aluminous,  calcareous,  filiceous,  magnefian 
and  barytic  earths  are  capable  of  fixing  and  ferving  as 
bafes  of  the  cochineal  colouring  matter. 

o 

3.  Onfilk, 

Dr.  Bancroft  repeated  nearly  all  the  foregoing  experi-  Dying  of 
ments  with  filk,  inftead  of  wool)  but  found  that  in  gene-  woui. 
ral  the  effects  were  lefs  advantageous.  Cochineal  in- 
deed, with  the  aluminous  bafis,  dyes  the  crimfon  colour 
as  well  and  as  durably  on  filk  as  on  wool,  and  the  modes 
of  producing  a  verv  lafting  crimfon  by  thefe  means  are 
well  known.  The  oxyds  or  folutions  of  tin,  however, 
do  not  fix  and  reflect  the  cochineal  colour  on  filk  with 
the  fame  degree  of  fulnefs  and  lullre  as  upon  wool ;  pro- 
bably becaufe  the  former  of  thefe  fubftances  has  lefs  at- 
traction than  the  latter  for  the  calx  of  tin  and  the  co- 
louring matter  of  cochineal  combined  together}  hence  it 
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has  been  found   impoffible  to  dye  a  good  lively  fearlet 
on  filk,  by  the  means  whieh  communicate  that  colour  to 
t  wool. 

This  chemirl,  however,  has  given  the  following  method 
of  producing  a  fearlet  on  (ilk.  The  filk  is  to  be  foaked 
for  two  hours  in  the  murio-fulphuric  folution  of  tin  bc- 
forementioned,  with  five  times  it's  weight  of  water,  then 
taken  and  moderately  preffed,  then  partly  dried,  and  dyed 
as  ufual  in  a  bath  of  cochineal  and  quercitron  bark,  four 
of  the  firft  to  three  of  the  fecond,  and  it  will  receive  a 
colour  very  nearly  fearlet.  This  may  be  made  to  receive 
more  body  by  a  farther  flight  immerfion  in  the  mordant, 
and  a  fecond  dying  in  the  bath  ;  and  if  afterward  a  little 
of  the  red  colouring  matter  of  the  faffiower  be  fuper- 
added  in  the  ufual  way,  a  good  fearlet  may  be  produced. 
By  omitting  the  bark  and  dying  the  filk  (prepared  as  be- 
fore) with  cochineal  only,  a  very  lively  rofe  colour  will 
be  produced,  and  this  may  be  yellowed  fo  as  nearly  to 
approach  the  fearlet,  by  a  large  addition  of  tartar  to  the 
cochineal  in  the  dying  vefTel. 

With  lime-water  as  a  mordant  cochineal  gave  to  filk 
a  very  agreeable  purple*;  with  muriatof  barytes,  a  lively 
delicate  lilac  colour ;  with  murio-fulphatof  bifmutb,  a 
falmon  colour ;  with  nitrat  of  cobalt,  a  very  lively  and 
beautiful  purple ;  and  with  nearly  all  the  other  metallic 
and  earthy  bafes,  cochineal  produced  limilar  but  paler 
colours  on  filk  than  on  wool. 
Cotton.  4.  On  cotton.    It  appears  that  animal  colouring  parts 

have  much  greater  attraction  for  the  fibres  of  animal 
fluff's  than  for  thofe  of  the  vegetable  kingdom;  hence 
the  fmall  affinity  the  colouring  matter  of  the  cochineal 
has  for  cotton,  and  it  is  the  fame  with  the  other  animal 
colours.  It  is  owing  to  this  weaker  attraction  that  the 
fearlet  dye  is  fo  much  lefs  permanent  on  cotton  than  on 
wool  j  that  the  firft  takes  it  more  (lowly*  and  that  it  is 
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much   paler  than   the  fecond;  and  it  is  alfo  from  this 
.want  of  fufficient  attraction,  that  the  colouring  matter  of 
the  cochineal  is  found  to   act:  moft  beneficially  on  cot- 
ton, when  the  bafis  has  been  fi  ft  applied  jtparately. 

The  method  of  dyeing  cotton  fcarlet,  recommended  by 
Dr.  Bancroft,  is  to  foak  the  cotton  (previously  moificned) 
for  half  an  hour  in  a  diluted  murio-mlphuric  folution  of 
tin,  as  propofed  for  filk  ;  the  fuperfluous  part  of  the  folu- 
tion is  to  be  wrung  out,  the  cotton  then  to  be  plunged  in 
water,  in  which  as  much  clean  potafh  has  been  diffblved 
as  will  neutralize  the  acid  ftill  adhering  to  the  cotton,  by 
which  the  oxyd  of  tin  will  be  fet  free,  and  more  copioufiy 
depofited  or  fixed  in  cr  upon  the  fibres  of  the  cotton, 
which  being  afterwards  rinfed  in  clean  water,  may  be 
dyed  with  cochineal  and  quercitron  bark,  about  four 
pounds  of  the  former  to  two  and  a  half  or  three  pounds  of 
the  latter.  By  this  means  a  full  bright  colour  may  be 
given  to  the  cotton,  which  will  bear  a  few  flight  warn- 
ings with  foap,  and  a  confiderable  degree  of  expofure  to 
the  air. 

Cochineal  will  give  cotton,  previoufly  impregnated 
with  the  aluminous  mordant,  a  very  beautiful  crimfon  co- 
lour, capable  of  bearing  feveral  walkings,  and  of  refilling 
the  weather  for  fome  time,  though  not  long  enough  to 
deferve  beino-  called  a  fa  ft  colour. 

This  chemlft  found  that  a  firong  decoction  of  cochi- 
neal, thickened  with  gum,«and  mixed  with  a  fuitable  pro- 
portion of  nitrat  of  alumine,  being  penciled  upon  cotton 
as  a  profubftantive  colour,  afforded  a  very  full  beautiful 
crimfon,  which  flood  fome  Warnings,  and  a  confiderable  ■ 
degree  of  expofure  to  the  weather. 

Several  of  the  different  folutions  of  tin  being  employed, 
inftead  of  the  nitrat  of  alumine,  produced  very  beautiful 
reds,  between  the  crimfon  and  fcarlet,  and  by  a  fin  all 
proportion  of  quercitron   bark  they  were  made  fearleU 
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Thefe  are  not  fall  colours,  but  are  much  more  Iafting 
than  fome  of  the  fugitive  colours  too  often  made  ufe  of. 
Carmine.  Carmine  was  formerly  prepared  from  kcrmes,  from 
which  it  takes  it's  name ;  it  is  now  the  lake  obtained 
from  cochineal  by  means  of  alum  ;  a  certain  proportion 
of  autour  is  mixed  with  the  cochineal,  a  bark  brought 
from  the  Levant,  and  of  a  paler  colour  than  cinnamon  5 
fome  chorcan  is  likewife  generally  added,  which  is  a  yel- 
lowifh  green  feed  of  an  unknown  plant,  growing  alio  in 
the  Levant.  It  appears  to  Berthollet,  that  in  this  procefs 
thefe  two  fubftances  produce  with  the  alum  a  yellow  pre- 
cipitate, which  ferves  to  brighten  the  colour  of  the  co- 
chineal lake,  in  the  fame  manner  as  a  yellow  colouring 
matter  ferves  to  give  fcarlet  a  fine  colour. 


Kcimes,  2.    COCCUS  ILICIS  OR  KERMES, 

It's  anil-         This  appears  to  be  the  fpecies  of  coccus  that  was  ufed 

'iUUy'         by  all  the  nations  of  antiquity,   and  profefTor  Tychfen 

even  conceives  that  it  it  was  known  to  Mofes  under  the 

name  of  tola.7   It  was  then  employed    for  giving  the 

ground  to  cloths  intended  to  be  dyed  with  the  rich  purple. 

It  was  know  nto  the  Greeks  and  Romans  by  the  name  of 

coccum  fquarlatinum,  coccus  baphicus,  infeclorius,  gra- 

num  tinclorium  ;  and  the  preference  was  given  to  that 

.  .       collected  in  Galatia  and  Armenia.     It  therefore  appears 

to  have  been  one  of  the  moft  ancient  of  all  dying  drugs, 

and   that  which  produced  the  colour  called  coccus  by 

the  Romans,   and  originally  known  in  England  by  the 

name  of  fcarlet. 

it's  etymc-      With  refpecl:  to  it's  etymology,  according  to  father 

°£y>  Plumier,  it  arifes  from  the  Arabic  word  kermen  or  kermez, 

•  ■  which  flgnifies  a  little  worm,  and  is  the  name  of  this  in-* 
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feci:.  From  it's  Latin  appellation  coccus  arofe  the  Spa- 
nifli  diminutive  cOccinella,  cochineal,  and  from  it's  Ara- 
bic name  arofe  the  colour  cramoufi,  in  French  crimfon. 
In  the  middle  ages  it  was  called  vermiculum,  whence 
rermeil  and  vermilion,  although  now  applied  to  pulve- 
rized cinnabar.  Aftruc  derives  it  from  two  Celtic  words 
iignifying  oak  and  acorn. 

The  kermes  is  an  infect  found  in  feveral  parts  of  Afia,  Whence 
in  the  Levant,  Spain,  France,  and  other  fouthern  coun- 
tries of  Europe.  It  is  now  chiefly  collected  in  Languedoc, 
Spain  and  Portugal.  It  lives  on  a  fmall  fpecies  of  oak 
called  the  quercus  coccifera  by  Linneus,  or  the  holm  oak. 
The  female  having  no  wings,  fixes  herfelf  amongft  the 
leaves  of  this  tree,  where  the  male  comes  to  impregnate 
her.  Having  become  big,  fhe  gets  fluggifh  and  remains 
motionlefs,  brings  forth  and  dies.  In  the  pregnant  Mate 
fhe  foon  lofes  the  form  of  an  infect,  and  appears  like  a 
fmall  roundim  grain,  about  the  flze  of  a  pea,  of  a  reddifli 
brown  colour,  refembling  a  brown  red  cap,  in  which  are 
enclofed  a  very  great  quantity  of  eggs  of  a  deeper  red  colour. 

From  the  form  of  this  infecl;,  the  kermes  was  for  a  long 
time  taken  for  the  ked3  or  an  excrefcenee  of  the  tree  on 
which  it  lived,  and  they  were  called  grains  of  kermes.  It 
appears  that  Pliny  was  of  this  opinion,  that  it  was  an 
excrefcenee,  although  he  mentions  it  as  fpeedily  becom- 
ing a  worm  ;  "  coccum  ilicis  celerrime  in  vermiculum  fe 
mutans."  The  Roman  natural  hivtorian,  indeed,  inaccu- 
rately defcribes  it's  colour  to  be  a  fpecies  of  rofe,  whereas 
in  fact  it  is  a  red,  approaching  nearly  to  that  of  florid  ar- 
terial blood. 

The  firfl  who  has  fpoken  of  this  infecl:  with  any  exac- 
titude is  Peter  de  Quinqueran,  bimop  of  Senez,  in  a 
work  entitled,  de  Laudibus  Provincial,  publiflicd  in 
1550.  It's  hiftory  may  be  likevvife  feen  written  by  Nif- 
fole,  in  the  Memoirs  of  Acad,   des  Sciences  for  1 7 1 4^ 
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and  more  particularly  in   the  Mcmoirea  des  Infectes  de 
Reaumur,  torn.  iv. 

The  kermes  is  fixed  to  the  bark  of  the  ibrub  by  a  cot- 
tony down,  the  production  of  the  in  feci.  Chaptal  has 
obferved  that  this  down,  as  well  as  that  afforded  by  all 
other  infects  of  this  genus,  porTefTes  feveral  characters  of 
the  caoutchouc  or  Indian  rubber,  that  it  is  infoluble  in 
alcohol,  that  it  melts  at  a  boiling  heat,  and  that  it  burns 
on  the  coals  with  a  flame.  According  to  the  manner  of 
collecting  this  infect,  we  are  informed  by  Beitholiet,  to 
whom  Chaptal  fent  the  account,  that  a  (ingle  perfon  is 
able  to  gather  one  or  two  pounds  per  day.  They  begin 
to  collect  towards  the  middle  of  the  month  of  May,  when 
the  infect  has  attained  it's  ordinary  fize,  and  the  harveft 
continues  to  the  middle  of  June,  and  fometimes  longer. 
They  are  generally  collected  by  women.  At  the  begin- 
^  n'm£,  from  the  juice  of  the  frem  kermes  weighing  heavier 
than  at  the  end  when  it  is  drier  and  light,  it  only  fells  for 
15  or  20  fous  per  pound,  whilft  when  the  harveft  is  nearly 
over  it  fetches  from  30  to  40.  Thofe  who  buy  it  are 
obliged  as  foon  as  poflible  to  prevent  the  hatching  of  the 
eggs.  In  order  therefore  to  deftroy  the  young,  thev  fteep 
the  kermes  for  10  or  J  2  hours  in  vinegar,  or  expofe  it  to 
the  vapours,  which  only  takes  up  half  an  hour ;  it  is 
then  dried  on  linen  cloths.  This  procefs  gives  it  a  vi- 
nous red  colour. 
It's  piopcr-  According  to  Lewis  and  Berthollet,  frem  kermes,  or 
l£l  m  >y"  the  living  infect,  by  expreffion  affords  a  red  juice,  which 
has  rather  an  agreeable  odour,  and  a  fomewhat  bitter, 
rough,  and  pungcj.it  tafte.  In  it's  dried  ftate,  it  im- 
parts the  fame  odour  and  flavour  to  watery  and  fpiru 
tuous  liquors,  to  which  it  communicates  it's  deep  red 
colour.  The  extracts  obtained  from  thefe  tinctures  by 
infpiriation  retain  their  colour  and  lofe  verv  little  of  their 
favour,,  but  the  aqueous 'extract  lofes  all  it's  fmell,     The 
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mordants  for  this  colouring  matter  of  kermes  are  alum 
and  tartar ;  in  order  to.  prepare  the  wool  for  the  kermes 
dye,  it  is  to  be  boiled  in  water  with  about  one  fifth  it's 
weight  of  alum,  and  half  as  much  tartar,  for  two  hours, 
and  then  left  in  the  fame  liquor  four  or  five  days,  when 
being  rinfed,  it  is  dyed  in  the  ufual  way  with  about  12 
ounces  of  kermes  for  every  pound  of  wool.  Thefe  fear- 
lcts  were  called  grain  colour-,  from  the  infect  being  mif- 
taken  for  a  grain  ;  and  Venice  fcarlet,  from  being  princi- 
pally manufactured  at  Venice.  Wool  prepared  with  a 
.  nitro-muriatic  folution  of  tin  (as  is  done  for  the  cochi- 
neal fcarlet)  and  dyed  with  kermes,  takes  a  kind  of  aurora 
or  reddifh  orange  colour. 

The  red  colour  that  kermes  communicates  to  wool  has  c2?*iWjS 

with  cocni- 

lefs  fplendour  than  the  fcarlet  of  the  cochineal,  which  laft  »eal« 
has  been  generally  preferred  to  it,  fince  the  art  has  been 
known  of  ufing  the  folution  of  tin;  but  although  the  ker- 
mes red  or  fcarlet  is  lefs  vivid,  it  is  more  durable  than  that 
of  cochineal,  and  much  lefs  liable  to  be  changed  by  foap, 
acid,  mud,  &c.  hen'ce  greafe  fpots  may  be  effaced  without 
changing  it.   The  fine  blood  reds  feen  at  this  time  on  old 
tapeftries,  in  different  parts  of  Europe,   as  for  inftance* 
thofe   at  BrufiTcls,  obferved  by  Hellot,  and  at  the  other 
manufactories  of  Flanders,  were  all   dyed   from  kermes, 
with  the  aluminous  bafis,  on  woollen  yam,   and  they  are 
ft  ill  unfaded,  having  fcarcely  loft  any  of  their  livelinefs, 
although  many  of  them    have    flood  between    two  and 
three  hundred  years.     From  the  folidity  of  this  dye,  it  is 
to  be  regretted  that  it  is  abandoned  by  the  dyers  ;  fome, 
indeed,  mix  a  fmall  quantity  of  it  with  the  cochineal,  as 
it  gives  a  greater  body  to  the  colour;  but  it  dim  mi  flies  k'& 
bloom, 

According  to  Berthollet,  the  colour  produced  by  hal£ 
kermes  and  half  madder  is  called  fcarlet  in  half  grain. 
This  mixture  affords  a  very  permanent  dye,  but  is  not 
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lively,  and  inclines  a  little  to  the  blood  red.  The  tur-, 
bans  manufactured  at  Orleans,  for  the  Levant,  are  faid  to 
be  dyed  in  this  manner,  although  a  little  Brafil  wood  is 
probably  added. 

Dyers  have  only  been  able  to  give  filk,  with  kermes,  a 
dull  rtddifh  colour. 

According  to  Bancroft,  cotton  prepared  with  the  alu- 
minous mordant,  and  dyed  with  kermes,  exhibits  a 
fine  red,  inclining  to  the  crimfon  made ;  but  this  will 
gradually  though  flowly  discharge,  and  the  colour  be 
weakened  in  warning.  This  chemift  is  in  hopes  of  fuc- 
ceeding  in  fixing  the  colour  of  kermes  more  perma- 
nently on  cotton. 


Lac.  3.    COCCUS   LACCA, 

Gum  lac,  as  it  is  improperly  called,  is  a  fpecies 
of  wax  which  forms  the  cells  of  a  certain  infect  called 
coccus  lacca  by  Linnaeus,  and  the  beautiful  red  colour  is 
owing  to  the  infect ;  if,  however,  the  infect  has  left  it, 
which  it  does  by  piercing  a  hole  at  the  top  of  the  cell, 
the  lac  is  no  longer  of  that  red  colour,  is  of  no  ufe  in 
dying,   and  is  only  employed  for  varnifhes.     The  infect 

^Whence 

brought.  is  an  inhabitant  of  the  Eaft  Indies,  inhabiting,  according 
to  Ker,  the  uncultivated  mountains  on  both  fides  of  the 
Ganges,  where  it  is  produced  in  fuch  abundance,  that 
was  the  confumption  ten  times  greater  than  it  is,  the 
.  ;  markets  might  be  well  fupplied  by  this  minute  infect. 
The  price  at  Dacca  is  about  twelve  {hillings  the  hundred 
pound,  although  it  is  brought  from  the  diftant  country  of 
Affam. 

This  author  informs  us,  that  this  infect,  in  the  country 
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where  he  was,  is  found  on  four  fpecies  of  fhrubs, 
viz.  on  the  ficus  religiofa  Lin.  the  ficus  indica  Lin. 
the  plafo  Hortus  Maiabaraci,  and  me  rhammus  jujuba 
Lin. 

Theinfedts  of  this  fpecies  fix  themfelves  infuch  multi- 
tudes on  the  branches  of  thefe  trees,  and  more  especially 
on  the  three  firft,  that  the  extreme  branches  appear  as  if 
they  were  covered  with  a  red  duft  that  deftroys  both  trees 
and  fruit.  Birds  perching  on  thefe  branches  likewife 
carry  off  g  sat  numbers  of  the  lacca  infects  adhering  to 
their  feci,  and  thus  tranfplant  them,  by  depositing  them 
on  other  trees  where  they  reft.  Of  thefe  four  fpecies  of 
trees,  it  appears,  there  is  only  one,  the  rhammus  jujuba, 
upon  which  Dr.  James  Anderfon  found  the  e  infects 
near  Madras,  although  he  obferved  them  on  feveral  fpecies 
of  mimofa,  and  on  fome  other  trees  and  (limbs.  Dr. 
Roxburgh  of  Samulcotta,  howe.ver,  feems  to  think,  that 
on  the  coaft  of  Coromandel  they  only  inhabit  ihrubs  of 
the  mimofa  kind,  and  even  but  three  fpecies  of  this  ge- 
nus. This  laft  gentleman  has  given  a  defcription  of  the  na- 
i  ture  and  progrefs  of  thefe  infects,  with  great  minutenefs, 
in  the  Philofoph.  Tranf.  for  1791.  The  gum  lac  is 
diftinguifhed  by  feveral  names  :  thus,  in  it's  molt  na- 
tural date,  or  adhering  externally  to  the  fmall  branches 
of  the  fhrub,  it  is   called  flick  lac ;  when  it  is  detached  h's  vaiie~ 

J  ties. 

from  thefe  and  reduced  to  a  grofs  kind  of  powder,  'red  lac ; 
when  liquified  and  made  into  cakes,  lump  lac ;  and  when 
the  feed  lac  is  deprived  of  it's  colouring  matter,  and 
formed  into  thin  tranfparent  plates,  it  is  called  Jhelllac* 
Dr.  Roxburgh  is  of  opinion,  that  the  colour  fhoukl  be  ex- 
tracted from  frefh  lac  indead  of  drv  lac,  in  the  month  of 
October,  or  beginning  of  November,  before  the  infects 
have  acquired  life,  as  he  found  the  deeped  and  bed  co- 
lour to  be  produced  from  the  eggs  when  mixed  with  the 
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nidus,  whilft  the   dried  lac  communicates  a  much   left 

bright  colour  to  water. 
Bancroft's        According  to  Bancroft,  the  colouring  matter  may  be 
extiadin/    §ot  fr°ni  this  drug  in  the  form  of  extract,  by  boiling  it 
the  colour    jn  water>  tneri  by  filtration  and  evaporation. 
Compared       The  c°l°urs  dyed  by  Stick  lac  approach  very  nearly  to 
with  cochi-  thofe  of  cochineal.     They  are  not  quite  fo  lively   and 

jseaJ.  .  . 

beautiful ;  but  this  defect  is  in  fomemeafure  compenfated 
by  their  being  more  durable,  efpecially  on  cottons.  It 
Tequires  the  fame  bafis  and  treatment  as  cochineal.  It  is 
,  ufed  by  the  natives  of  India  as  a  dye;  and  according  to 
Sir  William  Jones,  the  Hindus  have  fix  names  for  lac, 
although  they  generally  call  it  lacflia,  from  the  multitude 
of  fmall  infects,  which  they  believe  difcharge  it  from 
their  ftomach,  and  at  length  deilroy  the  tree  on  which 
they  form  their  colonies.  It  was  likevvife  in  ufe  as  a  dye 
amongft  the  ancients,.  The  moderns  ufe  it  as  the  bafis 
Ufed  in  °^  ^eaunS  wax  5  an^  tne  greater  part  that  comes  to  Europe 
fcaiins  is  afterwards  fent  to  Portugal,  Barbary,  fee.  where  it  is 
employed  in  framing  goatlkins  to  make  what  is  called  red 
Morocco  leather. 
Examined  Neuman  looked  upon  gum  lac  as  a  very  hard  fort  of 
wax,  tinctured  with  an  animal  red,  of  the  cochineal  kind ; 
he  found,  that  the  feed  lac  does  notdiflblve  in  water  or  in 
oils.  To  alum  water  it  afforded  a  beautiful  tranfparent 
red.  Dr.  Bancroft  likewife  found  the  colouring  matter 
he  received  from  the  Eaft  Indies,  which  moft  probably 
was  of  this  fpecies,  to  be  infoluble  in  water,  which  he 
attributes  to  it's  being  too  intimately  united  to  a  portion 
of  alumine,  employed  in  India  to  precipitate  it,  as  a  lit- 
tle pearl  afh  brought  about  it's  folubility.  Neuman 
found,  that  of  the  concentrated  acids,  the  vitriolic  ex- 
tracted very  little  of  it,  the  marine  fomewhat  more,  and 
the  nitrous  nothing.     Spirit  of  wine,  after  fome  time,  dif- 
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folved  nearly  the  whole  of  it,  and  the  folution  was 
of  a  brown  colour.  Diftilled  In  the  open  fire,  a  thick 
empyreumatic  oil  was  obtained,  fimilar  to  that  of 
common  wax,  after  which  arofe  an  aqueous  liquor, 
not  manifeftly  acid,  or  alkaline.  There  remained  a  re- 
fid  num. 

Fourcroy  looks  upon  it  as  a  true  wax,  although  he 
thinks  it's  drynefs,  the  aromatic  odour  it  exhales  in  burn- 
ing, and  it's  folubility  in  fpirit  of  wine,  indicate  a  refem- 
blance  between  it  and  the  refins.  By  diftillation,  he 
found  it  afforded  a  kind  of  butter. 


4.    COCCUS    POLONICUS. 

The  coccus  tinetorius  polonicus,   as  it  is  called,  is  a  Coccus  p»* 

fmall  round  infect,  about  the  fize  of  a  coriander  (ecd,  of  a  lonlcu*- 

purple  brown  colour  on  the  outride,  and  full  of  a  blood  red 

juice,  which  has  been  ufed  in  dying;.  It  is  collected  in  con-  wi)er* '  "u 
J  ...  .  .         lefied. 

flderable  quantities  in  wafte  fandy  grounds  in  the  Ukraine, 

and  other  provinces  of  Poland,  and  in  the  great  duchy 

of  Lithuania,  where  it  is  found  adhering  to  the  roots  of  the 

German  knot  grafs  or  knawel  (fcleranthus  perennis.)  It  Compared 

is  gathered  towards  the  end  of  June.     It  appears  to  have  kcrme*. 

properties  refembling  thofe   of  kermes,    but  fi nee   the 

cheaper  and    more  beautiful  colours  of  cochineal  have 

become  generally    known,    it   has   been    laid    afide    as, 

well  as  the  kermes.     It  was  formerly  very  much  ufed  by 

the  Turks  and  Armenians  to  dye  wool,  filk  and  hair,  as 

well  as  in  the  ftaining  the  nails  of  women's  ringers.  This 

colouring  matter  was  fixed  on  wool  and  filk  by  the  ufual 

mordant  or  preparation  of  alum  and  tartar. 

Nearly  refembling  the  coccus- polonicus  "is  an  infect  Oilier  in- 

which  in  many  parts  of  Europe  was  formerly  taken  from  Ul dying. 
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the  roots  of  the  burnet,  (poterium  fanguiforba,  Lin.) 
and  ufed  in  different  countries,  particularly  by  the  Moors, 
for  dying  filk  and  wool  of  a  crimfon  or  rofe  colour.  To 
this  may  be  added  the  coccus  uvse  urfi,  Lin.  which 
is  likewife  an  infect  affording  a  fine  red  colour,  and 
it  has  the  advantage  of  being  nearly  twice  the  iize  of  the 
polonicus. 

Dorthes  fur  quelques  effets  de  la  lumiere  fur  divers 
corps.  Annal.  de  Ch.  torn.  2.  p.  99. — Effays  on  heat, 
light,  and  the  combination  of  light,  &c.  by  H.  Davy,  in 
the  Contributions  to  phyfical  and  medical  Knowledge,  by 
T.  Beddoes,  M.  D.  Briftol,  1799. — Experiments  and  ob- 
fervations  on  the  light  which  is  fpontaneoufly  emitted, 
with  fome  degree  of  permanency,  from  various  bodies,  by 
Nath.  Hulme,  M.  D.  F.  R.  S.  and  A.  S.  Phil.  Tranf. 
Feb.  1800. — G.  G.  Richter,  prol.  de  Purpuras  antiquo 
et  novo  Pigmento. — Ackermann's  Opufc.  Med.  vol.  3. 
p  74.  Gott.  1741. — BifchofT,  Verfuche  einer  Gefchichtc 
der  Farbekunft,  &c.  1780. — Neumann's  Works,  tranf- 
lated  by  Lewis. — Traele  de  la  Culture  de  Nopal  et  de 
l'Education  de  la  Cochenille,  &c.  per  Monf.  Thieri  de 
Menonville.  Annal.  de  Chimie,  torn.  v. — Experimental 
Refearches  concerning  the  Philofophy  of  permanent  Co- 
lours, by  Edward  Bancroft,  M.  D.  F.  R.  S.  vol.  1.  Lon- 
don, IV 94. — Berthollet,  Elemens  de  la  Teinture,  2  vols. 
Paris. — Goguet's  Origin  of  Laws,  Arts,  and  Sciences, 
tranflated  from  the  French,  vol.  2.  p.  95.  art.  Colours 
employed  in  dying  of  Stuffs,  Edinburg,  1775. — An  ex- 
perimental Inquiry  into  the  Caufe  of  the  permanent  Co- 
lours of  opake  Bodies,  by  Edward  Huffey  Delaval, 
F.  R.  S,  Manchefter  Memoirs,  vol.  2.  p.  147.  1789- — 
Objections  de  Joac.  Carradori,  M.  D.  contra  l'opinion 
du  Prof.  Spallanzani,  fur  la  Caufe  du  luifant  des  Phof- 
phores  Naturels,  8cc.     An.  de  Ch.  T.  21.  p.  216.  1797. 
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— Obferv.  fur  la  Phofphore  des  vers  luifans,  &c.  par  id. 
id.  T.  34.  p.  187.  an.  8. — Exper.  et  obferv.  fur  la 
Phofphorefcence  de  Lucioles,  Lampyris  Italica  par  id.  id. 
T.  26.  p.  96.  1798. — Sur  quelques  Modifications  de  la 
Lumiere,  par  le  Cit.  Brugnatelli,  id.  p.  107. 
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CONCRETIONS. 

Animal  Tn  this  clafs  of  animal  fubftances  are  comprehended 

concretions.  ^  t\10fe  morc  or  ]efs  folid  concretions  which  al*e  formed 

in  the  different  parts  of  animals,  and  which,  as  they  are 

generally   found   either   in    the    refervoirs    or   ducts  of 

the  different  fecretions  or   excretions,   are  fuppofed    to 

originate  in    confequence  of  the  fluids  being  fecreted  in 

a  d>feafed  (late.     The  advantages  that  may  arife  from  the 

aealyfis  of  fuch  fubftances  are  expected  to  be, 

The  ufe  of       1 .  To  afford  the  phyfiologift  a  more  accurate  know- 

lyfcs  aiU"     ledge  of  the  animal  mechanifm,   by  mowing  him  the 

principles  upon  which  they  are  formed,  and  the  circum- 

fiances  that  give  rife  to  them. 

2.  To  affift  in  that  invelligation  which  is  neceffary  to 
arrive  at  the  cure  of  the  difeafes  they  produce,  and  often 
attended  with  the  greatefl  danger. 

For  the  beft  analyfis  of  many  of  the  fubftances  of  this 
clafs  we  are  principally  indebted  to  the  labours  of  Scheele, 
who  firft  thoroughly  inveftigated  one  fpecies  of  calculus  ; 
to  Fourcroy,  to  whofe  fkill  in  this  part  of  fcience  animal 
^hemiftry  owes  fo  much,  and  to  Drs.  Woollafton  and 
Peaifon. 


OR  STONE  OF  THE  BLADDER. 


Of  all  the  hollow  vifcera,  it  is  the  human  bladder  in 
which  calculous  concretions  are  the  moft  frequently  and 
abundantly  found,  and  according  to  Fourcroy,  it  is  a  re- 
markable  fac~f,    that  they  differ  more  by  their  volume, 
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their  weight,  their  form,  and  their  colour,  than  by  their 
component  parts,  as  appears  from  the  remit  of  all  the  ex- 
periments of  modern  chemifts  on  this  fubject.  With 
refpecl:  to  their  external  properties,   we  are  informed  by  External 

...  .  .  properties, 

Bailhe,  that  when  there  is  only  one  calculus  prcfent  in  the 
bladder,  it  is  ufually  of  an  oval  form,  but  when  there  are 
more,  as  is  generally  the  cafe,  they  acquire  by  friction 
flat  fides  and  angles.  The  vefical  calculi  have  fometimes 
a  fmooth  uniform  furface,  but  more  frequently  granulat- 
ed, fo  that  they  appear  more  or  lefs  rough  ;  fome  have  an 
irregular  porous  ftru&ure  on  the  furface,  in  Read  of  being 
granulated.  When  divided  by  the  faw  or  broken,  they 
exhibited  moft  commonly  a  luminated  ftru&ure.  Thefe 
laminae  are  difpofed  in  concentric  curves,  and  are  ap- 
plied together  with  more  or  lefs  compactnefs,  and  they 
differ  in  thicknefs  in  different  calculi.  The  laminated 
itructure  fometimes  pervades  uniformly  the  whole  mafs 
of  the  calculus,  at  other  times,  different  portions  of  it 
are  interrupted  by  a  coarfe  porous  texture.  In  fome 
calculi  there  is  no  laminated  ft  rata,  but  they  are  entirely 
porous.  Their  colour  varies  confiderably;  they  are  moft 
frequently  of  a  brown  colour,  of  a  lighter  or  darker  made, 
fometimes  they  are  white,  fometimes  of  a  yellowifh  co- 
lour, and  different  portions  of  the  fame  calculus  are  fre- 
quently of  a  different  colour  ;  fome  laminae,  for  inftance, 
are  perfectly  white,  while  the  others  are  brown  ;  in  this 
fort  of  mixture  Baillie  has  moft  commonly  found  the 
white  laminae  on  the  outfide,  and  the  brown  in  the  mid- 
dle, nor  does  he  recollect  feeing  one  inftance  of  laminae 
of  different  colours  difpofed  in  alternate  ftrata.  Although 
the  matter  of  the  calculus  is  generally  formed  into  one  or 
more  circumfcribed  maffes,  yet  it  fometimes  happens 
that  the  whole  bladder  is  filled  with  a  fubftance  like 
mortar. 

VOL.  ii.  u 
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If  we   afcencl   to   antiquity  for   the  ideas  entertained 

on  the  calculi  of  the  bladder,  we  {hall  find,  that  the  an- 

Cpinionof  cients  looked  upon  them  as  mere  (lone  or  gravel,  judging 

the  anci-  \  °  J      c     ° 

cutar;  of  them  according  to  their  external  refemblance  ;  hence 

this  calculus  was  called  by  Aretaeus,  arid  Aurelianus, 
among  the  Greeks,  ?«»9o*  and  **Oi«<n? ;  by  Celfus  and  Pliny, 
among  the  Latins,  calculus  and  fabulum.  Indeed  it  wti 
fuppofed  by  Galen,  that  a  vifcid  animal  matter  was  the 
baiis  of  thefe  concretions  ;  but  in  his  davs,  earth  was 
looked  upon  to  be  the  bafis  of  all  animal  matter ;  the 
Greek  phyficians,  however,  employed  alealis  to  cure  thefe 
difeafes. 

On  dejeending  to  more  modern  times,  we  find  that  the 
ideas  of  phyficians  refpedling  thefe  fubftances,  although 
they  differed,  were  far   from  the   truth;  thus  Bafil  Va- 

Faracelfus.  jent;ne  looked  upon  them  to  be  tartar,  and  Paracelfus, 
as  intermediate  fubftances  between  tartar  and  ftone,  of 
which  the  animal  refin  formed  the  firft  matter  ;  and  he 
admitted  of  no  difference  between  the  calculi  of  the 
bladder,  which  he  called  by  the  barbarous  name  of 
dueleck9  and  arthritic  or  gouty  concretions,  except  that 
the  firft  was  hardened  by  the  fpirit  of  the  urine,  whillt  th# 
laft  contained  more  fait. 

Van  He!-  Van  Helmont,  after  having  commented  a  long  time  on 
this  matter,  concluded  the  dueleck  to  be  an  anomalous 
coagulum,  arifing  from  the  falts  of  the  urine,  and  an 
earthy  volatile  fpirit,  without  any  vifcous  or  mucilaginous 
matter,  and  without  any  progreffive  induration,  whilft 
the  arthritic  chalk,  on  the  contrary,  was  the  production 
of  the  induration  of  the  fynovia  of  the  articulations, 
and  the  flow  acidification  of  this  vifcid  fubftance.  On 
diftilling  this  dueleck,  by  the  dry  Way,  he  obtained  a  vo- 
latile alkaline  fpirit,  a  yellow  cryftallized  mafs  depo- 
sited in  the  neck  of  the  retort,  a  little  empyreumatic  oil, 
and  a  taftelefs  pulverizable  coaL 
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Bovle  found  this  calculus  to  be  compofed  of  oil  and  a  BojL*. 
great  quantity  of  volatile  fait;  Boerhaave  fuppofed  it  to 
be  a  fubtile  earth,  intimately  united  to  volatile  alkaline 
falts.  Slare  and  Hales  had  obferved  nearly  the  fame  pro- 
ducts as  Van  Helmont ;  but  Hales,  on  diftilling  a  calcu- 
lus by  a  pneumatic  apparatus,  found,  that  it  afforded  645 
times  it's  volume  (it  weighed  230  grains)  of  an  aeriform 
fluid,  and  that  there  only  remained  a  refidue,  weighing 
49  grains;  hence  he  looked  upon  it  to  be  fimilar  to  tar- 
tar, which  likewife  affords  a  confiderable  quantity  of  gas 
and  he  concluded  that  the  calculus  was  an  animal  tartar. 

The  decompofnion  of  this  fubftance  was  alfo  attempted 
by  other  chemifts,  as  Hoffmann,  Pott,  Geoffroy,  Rutty  Hoffmann. 
Palucci,  &c.  But  fo  little  was  the  progrefs  they  had 
made  in  the  inveftigation  of  this  concretion,  that  any  de- 
fcription  would  be  unneceffary ;  a  detail  of  their  labours 
may  be  found  in  Haller. 

Some  phvficians  had  likewife  attempted  to  decompofe  Attempt's  to 
it  in  the  body,  by  various  medicines,  known  by  the  name  jt  in  the 
of  lithontriptics.      Amongft  thefe  were  Alfton,  Whitt,  bod>' 
Butter,  and  de  Haen  ;  they  had  made  fome  experiments 
on  the  lithontriptic  virtue  of  foap,  of  limewater,  and  of 
alkalies  ;  the  alkaline  preparation  known  by  the  name  of 
fixed  nitre  was  particularly  recommended   by  Vogel  and 
Meckel  ;  and  the  lithontriptic  of  Turin  was  underftood 
to  be  the  cauftic  foda  or  ley  of  the  foap  boilers  ;  however, 
the  more  general  opinion  was  at  that  time,  that  acids  were 
the  true  diffolvents  of  this  calculus,  and  that  it  contained 
a  foluble  earth,   or  an  animal  earth,   perfectly  analogous 
to  that  of  bones. 

It  was  from  the  imperfection  of  the  analyfis  of  this 
fubftance,  that  the  idea  of  it's  being  ftony  was  enter- 
tained, till  not  many  years  ago ;  and  although,  as  it  ap- 
pears, the  experiments  of  Slare  and  Hales,  as  well  as  a 
ft.w  others,  had  before  fliQwn  that  thefe  calculi  commonly 
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eonfift  of  animal  matter  ;  this  opinion  was  not  generally 
received.  As  to  the  earth  of  which  they  were  fuppofcd 
Support d  to  he  compofcd,  it  is  well  known,  the  only  dininclion 
reoLJs"  ""  between  earths,  till  about  forty  years  ago,  was  into  abfol- 
vent  and  nonabfolvent,  and  as  the  abfolvent  earths  were 
divided  into  the  calcareous,  magnefia,  and  clay>  the  cal- 
careous was  confidered  as  that  exifting  in  urinary  concre- 
tions, molt  probably  from  it's  being  fo  extenfively  difFufed 
through  the  whole  animal  kingdom.  With  refpecf.  to 
it's  being  the  earth  of  bones,  the  experiments  of  Margraaf 
proved  the  futility  of  the  analogy. 

Such  were  the  ideas  entertained  of  this  fubftance  before 
the  experiments  of  Scheele  ;  it  was  known  that  the  mat- 
ter of  which  it  is  compofcd  exifts  more  or  lefs  abun- 
dantly in  urine,  but  the  conjectures  refpecting  it'» 
nature  were  totally  falfe,  till  this  celebrated  chemift 
proved  it  to  be  an  acid,  now  known  by  the  name  of  the 
lithic  acid. 

The  experiments  of  Scheele  were  publiflied  in  Sweden 
in  the  year  1776;  and  as  Bergman  had  undertaken,  much 
about  the  fame  time,  an  inveftigation  of  it,  whofe  (tep? 
have  been  followed  by  feveral  other  chemifts,  forne  fhort 
account  will  be  indifpenfable. 
DiftiHation.  According  to  Scheele,  this  calculus  afforded,  en  diftil- 
-  lation,  a  volatile  alkaline  fpirit,  a  brown  fublimate, 
which  became  white  on  repeating  the  operation,  and 
mixed  with  alkalis,  gave  no  fmell,  but  an  acid  tafte,  was 
fohible  in  boiling  water  and  alcohol,  did  not  precipitate 
lime  from  it's  folution,  and  appeared  to  refemble,  in  fome 
.  -meafure,  the  fait  of  amber;  and  there  remained  a  black 
coal  which  preferved  it's  colour  on  red-hot  iron.  From 
7O  grains  of  calculus  he  obtained  28  grains  of  the  fubli- 
mate, which  is  the  concrete  volatile  lithic  acid,  and  12 
grains  of  coal. 

Thefe  experiments,  it  may  be  obferved,  refemble  thofe 
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of  Margraaff.  From  1  ounce  and  a  quarter  of  calculus,  he 
obtained  2  drachms  and  a  half  of  a  fublimate,  which, 
on  rectification,  afforded  a  little  volatile  alkaline  fpirit, 
and  a  white  fublimate;  but  the  fire  being  increafed,  a 
thick  yellow  acid  oil.  The  white  fublimatc  was  for  the 
moft  part  foluble  in  water,  and  the  evaporated  folution 
depofited  a  triple  fait,  viz.  a  taitclcfs,  n.  fweet,  and  a  bitter 
one,  each  of  which  diftilled  with  fixed  vegetable  alcali 
gave  a  little  volatile  alcali,  the  refiduum  appearing  to  him 
to  fliow  a  trace  of  fufible  fait  of  urine. 

Hartenkeil  obtained  from  one  ounce  of  calculus  355 
cubic  inches  of  aerial  matter,  of  which  301  were  fixed 
air,  and  of  the  remainder  one  fourth  was  taken  up  by  an 
equal  quantity  of-nitrous  air.  He  then  got  four  drachms 
and  nine  grains  of  an  empyreumatic  oil,  55  grains  of  vo- 
latile alkaline  fpirit,  and  two  drachms  33  grains  of  coal, 
which,  on  calcination,  was  nearly 'all  confumed.  Scopoli 
obtained  from  2.5  grains  of  calculus  the  fame  number  of 
cubic  inches  of  fixed  air. 

Nicholas  Tychfen,  befides  a  little  air,  obtained  a  brown 
inflammable  fublimate,  dry  volatile  alkali,  a  little  fluid 
refembling  fpirit  of  hartfhorn,  and  a  coal,  -,\  part  of 
which  was  infoluble  in  muriatic  acid. 

Linke  obtained  in  a  ftrong  diflilling  heat  a  yellow 
fluid  like  fpirit  of  hartfhorn,  volatile  alkali,  a  few  drops  of 
an  empyreumatic  oil,  and  a  black  mining  coal ;  and  Ti- 
tius  got  fixed  air,  volatile  alkali,  an  empyreumatic  oil,  a 
brown  fublimate,  and  a  very  black  coal  containing  calca- 
reous earth. 

Frederic  Hoffmann,  Margraaff,  and  Hartenkeil,  fato  the 
calculus  when  expofed  to  the  open  fire,  as  well  as  Tvch- 
fen,  before  the  blowpipe,  become  at  firft.  black,  but  af- 
terwards with  an  evident  volatile  alkaline  and  empyreu* 
matic  fmell:,  without  any  peculiar  fmoke,  until  it  was 
confumed  to  a  more  orlefs  trifling  white  or  darkifli  refiduc, 
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Water.  From  Scheelc's  experiments  the  calculus  is  perfectly  fo- 

luble  in  water.  Five  ounces  of  boiling  water  diflblved 
eight  grains.  This  folution  changed  the  tincture  of  lit- 
mus to  a  red,  did  not  precipitate  lime  from  it's  water,  and 
on  becoming  cool,  depofited  the  greateft  part  of  the  dif- 
folved  calculus  in  the  form  of  fine  cryflals.  Margraaf 
alfo  found  it  foluble  in  water. 

Frederic  Hoffmann  only  obtained  by  boiling  calculus 
in  water  a  white  turbid  folution,  which,  on  bein^  exfic- 
catcd,  left  a  whitifh  matter  of  a  bitter  faline  tafle,  gave 
no  empyreumatic  alkaline  fmell  on  hot  coals,  as  was  the 
cafe  with  the  calculus,  and  the  remaining  powder  mowed 
no  trace  of  volatile  alkali  onlevigation  with  potafhand  did 
not  efTervefce  with  vitriolic  acid. 

Bcrgmann  likewife  could  not  obtain  a  perfect  folution  of 
this  calculus  in  boiling  water,  but  obferved  fome  white 
fpongy  particles  to  feparate,  that  were  neither  acted  upon 
by  water,  alcohol,  acids,  nor  cauftic  volatile  alkali,  and 
which  expofed  to  the  fire,  afforded  a  coal  difficult  of  in- 
cineration, the  afhes  of  which  were  infoluble  in  nitrous 
acid;  but  he  procured  it  in  fuch  fmall  quantity  as  not  to 
be  able  to  examine  it. 

The  experiments  of  Hartenkeil  confirm  thofeof  Berg- 
rnann,  who  obferved,  that  out  of  two  drachms  of  calcu- 
lus kept  in  fix  ounces  of  diftilled  water  during  four  davs, 
only  two  grains  were  difTolved,  and  only  five  by  a  boiling 
heat;  whilft  Tychfen  could  diffblve  none  either  in  cold 
or  boiling  water ;  and  Linke,  who,  on  boiling  the  fat- 
tened rind  of  calculus  in  16  times  it's  quantity  of  water, 
found  the  fmall  quantity  difTolved  to  be  only  gelatinous. 

Vitrtofie  ^he  vitrtpIiiB  acid,  according  to  Scheele,  onlv  diflblved 

*rirl-  the  calculus  when  concentrated,  and  by  the  afliftance  of 

heat,  during  which  operation  he  found  the  acid  to  arife 

Muriatic      in  it's  phlogiflicated  ftate.     He  found  the  muriatic  acid 
had  no  effect  upon  it  even  at  a  boiling  heat.     Hales, 
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Margraaf,  and  Tychfen  have  obferved,  however,  fonie 
flight  degree  of  foiution,  according  to  the  laft,  it  commu- 
nicated  to  this  acid  a  bitter  tafte,  when  digefted  with  it 
in  a  concentrated  ftate;  and  Baillie  met  with  one  that 
was  foluble  in  this  acid  at  the  common  temperature  of 
the  air. 

The  fame  chemift  informs  us,  that  the  nitrous  acid  at-  Nitrous 
tacked  it  even  in  the  cold,  that  by  the  aid  of  heat  it  was     '  ' 
entirely  difiblved,  fending  forth  red  vapours.     Margraaf, 
Hartcnkeil,  and  Bergman,  however,  found  a  fmaH  reC* 
due,  eonfifting  of  white  fpongy  flocks,  refembling  thofe 
obiained  by  boiling  in  water.     The  foiution  was  yellow. 

If  this  procefs  was  performed   in   a   retort,    Scheele 
found,  that  the  gas  which  arofe  precipitated  limewater 
in  the  receiver ;  this  proceeded   from  the   fixed  air,   as 
Hales   remarked,  that  a  great  quantity  of  it  was  always 
prefent  in  the  calculus.     The  foiution  always  tufted  four, 
even  after  faturation,    although  Bergman    obferved  no 
fmell  of  the  nitrous  acid ;  this  mowed  the  prefence  of  a 
free  acid.     It  coloured  the  fkin,  bones,  glafs,  paper,  after 
fome  time,  of  a  beautiful   red  colour.     If  evaporated  to 
concentration,  it  appeared  as  red  as  blood,  but  this  colour 
difappeared  on  the   addition  of  a  few  drops  of  nitrous 
acid,  and   was  not  to  be  recalled  by  alkalis  or  any  other 
means.      By  a   quicker  evaporation,   this   high   red  li- 
quor was  converted  into  numberlefs  bladders,  and  at  laft 
a  dark  red  fcum,  which,  on  exficcation,  appeared  of  a 
black  red,  and  which,  on  foiution   in  water,   gave  it  a 
beautiful  rofe   colour,   and  was  dilfolved  bv  all  acids  and 
cauftic  alcalis,  with  a  lofs  of  it's  colour,  although  it  re- 
mained longer  with  the  laft.     Expofed  to  the  air,    this 
dried  red  mafs  feemed  inclined   to  deliquefcence.     The 
nitrous  foiution  was  not   precipitated    by  the  muriat  of 
barytcs,  which  would  have  been  the  cafe  if  it  had  con- 
fined the  vitriolic  acid,   from  which  fuppofition  the 
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calculus  had  been  looked  upon  as  of  a  gypfeous  nature ) 
nor  was  it  changed  by  metallic  foliations  ;  by  the  addi- 
tion of  a  fixed  alkali  it's  colour  was  only  turned  yellow, 
and  when  the  alkali  was  abundant,  the  mixture,  on  di- 
geflion,  became  of  a  rofc  colour,  which  was  immediately 
communicated  to  the  (kin ;  in   this  ftate  it  precipitated 
metals  from  their  folutions,  of  different  colours;  the  vi- 
triol of  iron  black ;  vitriol  of  copper  green  ;  filver  gray  ; 
con-olive  muriat  of   mercury,   zinc,   and    lead,    white. 
Limewater  decompofed    the  nitrous  folution,  and  pro- 
duced a  white  precipitate,  which  precipitate,  after  having 
been  well  edulcorated  and   dried,  was  foluble  in  the  ni- 
trous and  muriatic  acids,   without  effervefcence.     This 
circum (lance  proves   it  could  not  be  calcareous.     Even 
after  the  fuperfaturation  of  thefe  acids  with  the  precipi- 
tate, the  folution  tailed  four,  and  inflamed  on  being  eva- 
porated to  drynefs  ;    on  calcining  this  precipitate  in  clofed 
vefTels,  it  left  a  fpungy  black   matter  refembling  calcined 
alum  ;  and  in  this  ftate  it  eflervefced  with  acids,  and  ex- 
pofed   to  the    blowpipe,  was  converted  into   quicklime. 
By  the  addition  of  oxalic  acid,  the  nitrous  folution  was 
not  arrecled  either  before  or  after  it's  mixture  with  alcalis, 
from  which  it  appears  that  no  calcareous  earth  was  pre- 
fent  in  the  calculus 
gngnnn  Bergman  endeavoured   to  difcover  calcareous  earth  in 

tries  to  find  E 

calcareous  this  fubftance,  by  other  means:  firft,  he  incinerated  the 
coal  of  the  calculus,  and  found  that  the  white  afhes  efler- 
vefced a  little  with  acids;  jthat  they  formed  gypfum  with 
the  vitriolic;  that  they  were  foluble  in  the  nitrous  even 
toT-Q0,  and  alfp  a  part,  which  he  looked  upon  as  calca- 
reous, foluble  in  pure  water.  Secondly,  bv  exficcation  of 
the  nitrous  folution  of  calculus,  and  incinerating  the  dried 
refiCuum,  he  obtained  a  calcareous  powder.  Thirdly,  he 
obferved  that  the  vitriolic  acid,  on  being  mixed  with  the 
diluted  nitrous  folution,    produced  no  change  ;  but  on 
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adding  it  to  a  ftrong  nitrous   folution,  or  to  the  diluted' 
when  concentrated   by  evaporation,   fome   fmall    cryftals 
were  produced,  which   were   ibjuble  in  di (tilled   water, 
gave  a  precipitate  with  oxalic  acid,  and  poffeffed  all  the 
properties  of  gvpfum.  Although  thefe  experiments  prove 
beyond  all  doubt  the  exigence    of  this  earth  in  calculus, 
yet  itexifts  in  fo  inconfiderable  a  quantity,  as  rarely  to  ex- 
ceed ^cZ  ;   and  hence  the  caufe  that  moll  chemifts  on  the 
calcination  of  thefe   fubfiances  find  an  extremely  incon- 
fiderable quantity  of  afhes.     According  to  Pechlin,   the 
nitrous  acid  which  fo  forcibly  difiblves  the  calculus  when 
pure,  poffeffes  this  property  when  dulcified  with  alcohol ; 
Hartenkeil,  however,  found  this  menflruum  fo  weak  in  it's 
action,  that  fix  ounces  of  it  only  diflblved  three  grains  of 
calculus. 

Vinegar    likewife   difiblves  calculus;    thus  Margraa*  viir-gar. 
found,  that  one  ounce  of  diftilled   vinegar  took  up  one 
grain  of  it. 

According  to  Tychfen,  the  citric  acid  is  more  active  on  Citric  add. 
this  fubflance  than  diflilled  vinegar. 

From  Margraaf  *s  experiments,  the  formic  acid   had  Formic  and 
very  little,  and  the  phofphoric  no  effect.  tjlt°™ 

Lobb,  by  a  continued  digeition  of  calculus  with  the 
following  fubfiances,  found  it  to  be  rendered  partly  more 
foft,  and  partly  diffolved,  viz.  with  lemon  juice,  vinegar,  Iemon 
the  expreffed  juices  of  radifh,  afparagus,   forrel,  parfley,  iuicc»  &c- 
onions,  oranges,  mulberries,  potatoes,  pears,  grapes  and 
pumions;  alfo  with  milk  and  different  kinds  of  wine. 

According   to  Scheele,    1000  grains  of  limewater  dif-  Lime  water, 
folved,  on  digeftion,  5,37  of  calculus,  which  were  again 
precipitated  by  acids,  at  leaf!  in  part. 

This  property  of  limewater  had  been  before  obferved 
by  Bafil  Valentine;  but  Hartenkeil  and  Tychfen  found 
it's  aclion  to  be  very  fmall.  It  was  this,  however^  which 
was  fo  long  recommended  as  a  lithontriptic,  particularly 
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by  Robert  Wbytt;  and  the  foap  compofed  of  the  lime  of 
all  fhell  fifh  formed  Stevens's  celebrated  medicine. 

Alkalis.  Scheele  found,  that  mild  alkalis  had   no  acYion  upon 

calculis,  but  was  diffolved  by  them  in  their  cauftic  flate, 
even  in  the  cold.  The  folution  in  cauftic  potaOi  was  yel- 
low, of  a  fvvcetifh  tafte,  did  not  render  limewater  turbid, 
was  precipitated  by  all  acids,  even  by  the  carbonic,  and 
decompofed  metallic  folutions,  viz.  iron,  of  a  brown  co- 
lour;  copper,  gray ;  filver,  black  ;  and  zinc,  lead,  and  oor- 
rolive  fublimate,  white;  if  too  much  alkali  was  employed, 
it  produced  an  ammoniacal  odour;  with  refpeel:  to  cauf- 
tic volatile  alkali,  a  large  proportion  was  neceflary  for  a 
folution. 

Carbonated  jt  a]fQ  appears,  that  water  containing  fixed  air  pofleiTes 
a  menftrual  action  on  this  fubftance.  This  was  obferved 
by  Springsfeld,  of  the  water  at  Karl fb ad,  and  by  Falco- 
ner, Saunders,  and  Percival,  of  water  artificially  impreg- 
nated; but  with  refpeel  to  the  lad  it  is  fo  weak  and  infig- 
nificant  as  not  to  be  efteemed  better  than  common  water 
in  curing  the  difeafe. 

Srbeeleand  From  their  experiments,  Scheele  and  Bergman  have 
concluded,  that  the  vefieal  calculus  is  an  oily,  concrete, 
volatile  acid,  united  to  a  gelatinous  part  :  that  it's  faline 
nature  is  proved  by  it's  folubility  in  water ;  it's  acidity,- 
from  the  reddening  of  the  tincture  of  litmus  by  this  folu- 
tion, and  from  it's  union  with  alkaline  falts,  as  well  as  with 
jimewater,  the  cauftic  tafte  of  which  it  moderates  :  that 
the  difference  between  this  acid  and  fixed  air  is  known  by 
it's  not  rendering  limewater  turbid  :  that  it's  inflamma- 
ble nature  is  evident  from  the  quantity  of  red  vapours 
which  arife  during  it's  folution  in  the  nitrous  acid,  and 
the  red  colour  extricated  from  it  by  that  acid.  Finally, 
that  it's  volatility  appears  from  the  fublimate  obtained  by 
the  diftillation  of  the  calculus.  Scopoli  and  Titus  have 
obtained  the  oxalic  acid  from  this  fubftance. 
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According  to  Morveau,  the  experiments  of  Scheele 
and  Bergman  prefent  feveral  important  confequences. 
With  refpect  to  the  compofition  of  calculus,  he  alleges, 
that  volatile  alcali  certainly  forms  a  part  of  it,  although 
the  fmalleft,  whilft  the  lithic  acid  compofes  the  greateft. 
Scheele  admits  an  animal  gelatinous  matter  in  it;  and  Motveao. 
Morveau  concludes,  that  it  contains  an  oil,  or  mucilagin- 
ous oil,  capable  of  furniftiing  phlogifton ;  he  grounds  this 
aflertion  on  the  fmoaking  vapours  it  gives  with  the  nitrous 
acid  ;  it  however  appears  to  this  chemift,  that  it's  quality 
perhaps  cannot  he  afcertained  by  the  coaly  refiduum 
found  in  the  retort  after  diftillation,  for  that  the  lofs 
off-  of  the  weight  of  the  whole,  verified  by  it's  compari- 
fon  with  the  fum  of  all  the  products,  announces  a  decorri- 
pofition  of  a-  considerable  part  of  the  acid,  a  portion  of 
which  converted  into  mcphitic  acid  he  thinks  has  pro- 
duced with  the  phlogifton  a  real  plumbago,  which  is  de- 
tected by  it's  refiftence  to  incineration. 

From  the  nitrous  folution  not  being  rendered  turbid  by 
the  oxalic  acid,  Scheele  concluded,  that  not  an  atom  of 
calcareous  earth  was  prefent  in  the  calculus,  and  this 
proof  is  looked  upon  as  very  correct  by  Bergman,  al- 
though he  acknowledges  it  may  fomctimes  fail ;  as  when 
the  oxalic  acid,  inftcad  of  precipitating  calcareous  earth, 
forms  with  it  a  triple  fait :  he,  however,  found,  as  above 
mentioned,  a  very  inconfiderable  quantity  in  a  calculus  of 
the  kidney.  It  may  hence  be  ken  how  far  they  were 
erroneous  who  fo  long  believed  that  the  calculus  of 
the  bladder  was  a  calcareous  concretion,  or  at  leaft  of  the 
nature  of  the  earth  of  bones;  and  the  inutility  of  their 
attempts  to  prevent  it's  formation,  or  to  effect  it's  folu- 
tion is  now  no  longer  furprifmg;  Bergman  having  well 
oblerved,  that  every  refearch  for  the  cure  of  this  difeafe 
ought  to  be  founded  on  the  perfect  knowledge  of  the  pro- 
perties of  the  calculus  itfelf.     To  conclude,   it  appears 
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from  thefe  experiments,  that  the  calculi  of  the  bladder 
are  tor  the  molt  part  compoied  of  this. acid,  called  by 
Morveau,  the  lithic  acid  ;  that  all  which  this  lad  chemift 
lias  examined,  and  which  have  been  very  numerous,  were 
found  to  be  of  the  fame  nature,  as  well  as  thofc  analyzed 
by  Scheele  and  Bergman,  although  it  may  happen  that 
a  different  fpecies  may  be  accidentally  met  with.  Thus 
it  appears  from  a  letter  to  Morveau,  written  by  Tennant,. 
of  the  Royal  Society  of  London,  that  in  his  experiments 
on  the  vefieal  calculi,  he  found  fome  that  only  16ft,  on 
calcination,  f  of  their  weight ;  that  the  refiduum,  form- 
ing a  tranfparent  glafs,  on  cooling  became  white.  To 
judge  of  them  by  thefe  fa£ts,  they  ought,  according  to 
Morveau^  to  contain  a  pretty  considerable  quantity  of 
phofphat  of  lime,  with  a  fuperabundance  of  acid. 

Scheele  found,  that  more  or  lefs  calculous  matter  was 
prefent  in  all  urine,  even  in  that  of  infants ;  that  the 
brick-coloured  depofit  to  be  feen  in  the  urine  of  patients 
under  fever  was  of  the  fame  nature,  that  it  feparated  by 
cooling  alone,  and  that  it  might  be  rediflblved  by  the  af- 
iiitance  of  a  fufticient  degree  of  heat. 

After  Bergman  and  Scheele  had  inveftigated  the  na- 
ture of  the  ealculous  matter;  the  next  author  of  any  con- 
fluence was  Fourcroy  ;  he  examined  a  great  number  of 
varieties,  and  the  refult  of  his  analyfis  is  as  follows  : 

1.  The  aqueous  folution  of  calculi  reddened  the  dyed 
paper  of  turnfole, 

2.  By  diltillation  on  the  fire,  and  by  the  action  of  the 
nitric  acid,  they  afford  pruffic  acid.  At  firft  there  arifes 
a  colourlefs  liquor,  then  fome  elaftic  fluids,  compofed  of 
carbonic  acid,  of  hydrogen  gas,  and  a  little  azot.  In 
the  neck  of  the  retort  he  found  fome  brilliant,  lamellated, 
and  more  or  lefs  yellow  crystals  of  pure  lithic  acid,  and  a 
fmall  quantity  of  carbonat  of  ammonia ;  there  remained 

'in  the  retort  a  great  quantity  of  coal ;  he  obtained  no 
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oil.  On  examining  the  liquid  product,  the  odour  of  free 
pruffic  acid  was  to  be  recognized.  In  the  water  a  fmall 
quantity  of  carbonat  of  ammonia  and  pruffiat  of  ammo- 
nia were  found.  The  prefence  of  the  pruffic  acid  was 
eafily  diftinguifhcd  by  the  oxyd  of  iron  newly  precipi- 
tated, which  was  converted  into  Pruffian  blue  on  caftin^ 
it  into  this  liquor. 

3.  From  thefe  facts  Fourcroy  concludes,  that  the  vefi- 
cal  calculus  contains  but  a  very  fmall  portion  of  hydro- 
gen, as  a  very  little  ammonia  is  formed ;  that  a  great  quan- 
tity of  azot  is  difengaged,  but  no  oil ;  that  the  lithic  acid 
contains  but  a  very  fmall  quantity  of  oxygen,  very  little 
of  the  pruffic  and  carbonic  acids  being  formed  ;  and  be- 
sides, from  there  remaining  in  the  retort  a  very  large 
quantity  of  coal. 

4.  From  thefe  obfervations  he  likewife  infers,  that  the 
pruffic  acid  contains  more  oxygen  than  the  lithic  acid, 
lince  there  is  only  very  little  pruffic  acid  formed  from  the 
decompofition  of  a  great  quantity  of  lithic  acid  ;  that 
probably  carbonic  acid  is  formed  at  the  fame  time,  but  in 
fmall  quantity  in  comparifon  to  the  mafs  of  coal  remain- 
ing in  the  retort. 

This  chemid  admits  that  thefe  general  considerations 
are  not  furricient  to  explain  the  phenomena  which  the 
analyfis  of  the  vefical  calculi  prefent;  he  has  therefore 
added  a  detail  of  his  experiments  made  in  1787,  whigh, 
although  they  are  far  from  rendering  the  fubjecl:  com- 
plete, may  throw  further  light   on   their  decompofition. 

Thefe  were  made  upon  four  kinds  of  calculi,  and  (how 
a  great  analogy  to  thofe  of  Scheele,  publifhed  a  few  years 
before.  Ail  his  truths  are  here  attefted  ;  the  prefence 
likewife  of  fome  atoms  of  lime,  indicated  by  Bergman, 
are  to  be  found  in  them  ;  that  of  the  phofphat  of  ammo- 
nia, which  pretty  constantly  exiftfi  in  thefe  calculi,  and  of 
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the  phofphat  of  fodn,  which  is  often  to  be  feeti  eryftal- 
lized  between  the  ftrata  of  the  calculi.  He  has  likewife 
recognized  in  thefe  experiments  the  volatility  of  the  Hthic 
acid,  it's  greater  folubility  in  warm  than  in  cold  water, 
and  it's  being  capable  of  cryftallization  by  means  of  cold  ; 
he  likewife  found,  that  the  calculus  fpontaneoufly  gives 
the  pruffic  acid  by  diftillation.  The  refult  of  the  labours 
of  this  chemift  are,  that  the  only  appearance  of  lithontrip- 
tics  is  in  the  nfe  of  cauftic  fixed  alcalis,  &c.  With  re- 
fpect  to  the  vcfical  calculi  of  other  animals,  nothing  had 
been  done  respecting  their  inveftigation  until  this  chemift 
made  a  few  experiments  upon  two  ;  one  taken  from  the 
horfe,  the  other  from  an  ox,  but  neither  of  them  afforded 
any  thing  analogous  to  the  Hthic  acid ;  the  products  he 
obtained  were  the  carbonat  and  phofphat  of  lime. 
Dr.Wollaf.      The  vcfical   calculi   examined  by   Dr.  Wollafton  are 

ton.  J 

the  following,  viz. 
Expeii-  Fufible  calculus.     This    was  fir  ft   afcertained   to    differ 


nients  on 


the  fufible  from  that  of  Scheele,  by  Tennant,  who  found,  as  before 
obferved,  that  inftead  of  being  nearly  confunicd  bv  the 
blowpipe,  a  large  proportion  of  it  was  left  fufed  into  an 
opake  white  glafs,  which  he  conjectured  to  be  phofpho- 
rated  lime  united  with  other  phofphoric  falts  of  the  urine; 
but  he  never  attempted  a  more  minute  analyfis.  Stones 
of  this  kind,  according  to  Dr.  Wollafton,  are  always 
Whiter  than  thofe  defcribed  bv  Sehcele,  and  fome  fpeci- 
mens  are  perfectly  white.  The  greater  part  have  an  ap- 
pearance of  fparkling  cryftals,  which  are  moft  difcerni- 
ble  where  two  crufts  of  a  laminated  ftone  have  been  fe- 
paratcd  from  each  other.  Having  had  an  opportunity  of 
procuring  thefe  cryftals  alone,  voided  in  the  form  of  a 
white  fand,  he  was  enabled  to  determine  the  nature  ofkhe 
compound  ftone,  in  which  they  are  cemented  by  other 
ingredients. 
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The  cryftals  confift  of  phofphoric  acid,  magnefia,  and 
volatile  alkali;  the  flone  contains  alfo  phofphorated  lime 
and  generally  fome  lithic  acid.  The  form  of  the  cryfta! 
is  a  (hort  trilateral  prifm,  having  one  angle  a  right  ano-]e, 
and  the  other  two  equal,  terminated  by  a  pyramid  of 
three  or  fix  fides.  On  fubmitting  them  to  experiment  he 
found,  that, 

1.  Heat  drives  off  the  volatile  alkali  from  the  cryftals, 
and  they  are  rendered  opake,  or  may  be  partially  fufed. 
The  phofphorated  magnefia  may  then  be  dilfolved  in  ni- 
trous acid,  and  by  addition  of  quickfilver,  dilfolved  in  the 
fame  acid,  a  precipitate  of  phofphorated  quickfilver  is 
obtained,  from  which  the  quickfilver  may  be  expelled  bv 
heat,  and  the  acid  procured  feparate.  By  addition  of 
vitriolic  acid  to  the  remaining  folution,  Epfom  fait  is 
formed,  and  may  be  cryftallized  after  therequifite  evapo- 
ration of  the  nitrous  acid,  and  feparation  of  any  redun- 
dant quickfilver. 

2.  Thefe  cryftals  require  a  very  large  quantity  of  wa- 
ter for  their  folution,  but  are  readily  foluble  in  moll,  if 
not  all  acids,  viz.  vitriolic,  nitrous,  marine,  phofphoric, 
faccharine,  and  acetous;  and  when  precipitated  from 
them  reaffume  the  cry  ftalline.  form. 

3.  From  the  folution  in  marine  acid,  fal  ammoniac 
may  be  obtained  by  fublimation. 

4.  Although  the  analyfis  is  fatisfa&ory,  the  fynthetic 
proof  is,  if  poiiible,  itill  more  fo.  After  dilfolving  mag- 
ncfia in  phofphoric  acid,  the  addition  of  volatile  alkali 
immediately  forms  the  cryftalline  precipitate,  having  the 
fame  figure  and  properties  as  the  original  cryftals. 

5.  If  volatile  alkali  be  cautioufly  mixed  with  recent 
urine,  the  fame  compound  will  be  formed;  the  flrft  ap- 
pearance that  takes  place  when  a  fufficient  quantity  of 
afltali  has  been  gradually  added,  is  a  precipitate  of  thefe 
triple  cryftals.     Thefe  conftitute  the  greater  part  of  the 
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fufible  (lone,  fo  that  a  previous  acquaintance  with  their 
properties  is  ncceffary,  in  order  to  comprehend  juftlv 
the  nature  of  the  compound  itone  in  which  they  arc 
contained. 

The  mo  ft  direct  analyfis  of  the  compound  ftone  is 
effected  by  the  fucceflive  action  of  diftillcd  vinegar,  ma- 
rine acid,  and  cauftic  vegetable  alkali. 

(j.  Diftilled  vinegar  ads  but  llowlv  upon  the  calculus 
when  entire;  but  when  powdered,  it  immediately  dif- 
folves  the  triple  cryftals,  which  may  be  again  precipi- 
tated from  it  as  cryftals  by  volatile  alkali ;  and  if  the 
folution  has  not  beerr  aided  by  heat,  fcarcely  any  of  the 
phofphorated  lime  will  be  found  blended  with  them. 

In  one  trial  the  triple  cryftals  exceeded  T*6-  of  the  quan- 
tity employed;  but  it  feemed  unnecefTary  to  determine 
the  exact,  proportion  which  they  bear  to  the  other  ino-re- 
clients  in  any  one  inftance,  as  that  proportion  muft 
vary  in  different  fpecimens  of  fuch  an  aflemblage  of 
fubftances  not  chemically  combined. 

Marine  acid  poured  on  the  remainder  diflblvcs  the 
phofphorated  lime,  leaving  a  verv  fmall  reflduum. 

This  is  foluhle  in  cauftic  vegetable  alkali  entirely,  and 
has  every  other  property  of  mere  lithic  acid. 

The  prefence  of  volatile  alkali  in  the  compound  ftone 
may  be  mown  in  various,  ways. 

7.  In  the  diftillation  of  this  ftone,  there  arifes  fir  ft 
volatile  alkali  in  great  abundance,  a  little  fetid -oil,  and 
lithic  acid.  There  remains  a  large  proportion  charred. 
Water  poured  upon  the  remaining  coal  dilTblvcs  an  ex- 
tremely fmall  quantity  of  a  fait,  apparently  common  fait, 
but  too  minute  for  accurate  examination.  Diftilled  vi- 
negar diflblves  no  part  of  it,  even  when  powdered.  A4a- 
rine  acid  diflblves  the  phofphorated  lime  and'phofpho- 
rated  magnefia,  leaving  nothing  but  a  little  charcoal. 
From  jtliis  folution,  vitriolic   acid  occafions  a  precipitate 
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of  felenite,  after  which  triple  cryftals  may  be  formed  by 
addition  of  volatile  alcali. 

8.  Marine  acid  alfo  acts  readily  upon  a  fragment  of 
the  ftone,  leaving  only  yellowifh  laminss  of  lithic  acid. 
When  the  folution  has  been  evaporated  to  drynefs,  fal 
ammoniac  may  be  fublimed  from  it ;  and  the  two  phof- 
phorated  earths  are  found  combined  with  more  or  lefs 
of  marine  acid,  according  to  the  degree  of  heat  em- 
ployed. If  the  proportion  of  the  earth  is  wifhed  to  be 
afcertained,  acid  of  fugar  will  feparate  them  moil;  effec- 
tually, by  diflblving  the  phofphorated  magnefia,  and 
forming  an  infoluble  compound  with  the  lime. 

9.  Cauftic  vegetable  alkali  has  but  little  efFecl:  upon 
the  entire  ftone,  but  if  heated  upon  the  ftone  in  powder, 
a  ftrong  efFervefcence  takes  place  from  the  efcape  of  al- 
kaline air,  and  the  menftruum  is  found  to  contain  lithic 
acid  precipitable  by  any  other  acid.  Some  phofphoric 
acid  alfoj  from  a  partial  decompolition  of  the  triple 
cryftals,  is  detected  by  nitrated  quickfilver. 

10.  The  triple  cryftals  alone  are  fcarcely  fufible  under 
the  blow-pipe ;  phofphorated  lime  proves  ftill  more  re- 
fractory ;  but  mixtures  of  the  two  are  extremely  fufible, 
which  explains  the  fufibility  of  the  calculus. 

The  appearance  of  the  lithic   ftrata,    and  the  fma.ll 

proportion  they  bear  to  the  other  ingredients,  fhow  that 

they  are  not  an  eflential  part,  but  an  accidental  depont, 

that  would  be  formed  on  any  extraneous  fubftance  in  the 

bladder,  and  which  probably  in  this  inftance  concretes 

during   any  temporary  interval   that  may  occur  in.  the 

formation  of  the  cryftals. 

Mulberry  calculus.     This  ftone,  though  by  no  means,,,,      ,   m 
J  ."  Mulberry- 

overlooked,  and  though  pointed  out  as   different  from  calculus, 

other  fpecies,  has  not,  according  to  Dr.  Wollafton,  been 

(ubje&ed  to  any  farther  analyfis  than  is   given  by  Dr. 
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Dawfon,  (2d  vol.  Med.  Tranf.)  who  found  that  hi* 
lixivium  had  little  or  no  effect  upon  it;  and  by  Lane, 
(Phil.  Tranf.)  who,  among  other  fimple  and  compound 
ftones,  gives  an  account  of  the  comparative  effects  of  lixi- 
vium and  heat  upon  a  few  fpecimens  of  mulberry  calcu- 
lus, viz.  (No,  7,  3,  9,  10  5)  but  neither  of  thefe  writers 
attempted  to  afcertain  the  conftituent  parts; 

Though  the  name  has  been  confined  to  fuch  flones  as, 
from  their  irregular  knotted  furface  and  dark  colour,  bear 
a  diftant  refemblance  to  that  fruit,  Dr.  Wollafton  has 
found  the  fpecies,  chemically  confidered,  to  be  more  ex- 
tensive, comprehending  fome  of  the'  fmootheft  {tones  to 
be  met  with,  one  of  which  in  his  poffeffion  is  of  a  much 
lighter  colour,  fo  as  to  rcfemble  in  hue,  as  well  as  in 
fmoothnefs,  the  furface  of  a  hemp-feed.  From  this  cir- 
cumftance  it  appears  probable  to  this  chemift,  that  the 
darknefs  of  irregular  ftoncs  may  have  arifen  from  blood 
voided  in  confequence  of  their  roughnefs< 

The  fmooth  calculus  was  found  to  confifl  of  lime 
united  with  the  acids  of  fugar  and  of  phofphorus.  The 
rougher  fpecimens  have  generally  more  lithie  acid  in  their 
interfaces. 

1.  Cauftic  vegetable  alcali  acquires  a  flight  tinge  from 
a  fragment  of  tins  kind  of  ftone,  but  will  not  difTolve  it. 
When  powdered  it  is  thereby  purified  from  any  quantity 
of  lithie  acid  that  it  may  contain.  Phofphoric  acid  will 
then  diflfolve  the  pliofphorated  lime$  and  the  remain- 
der, after  being  walked,  may  be  decompofed  by  the  vitri- 
olic. The  ariinity  of  this  acid  for  a  certain  proportion 
of  lime,  is  fuperior  even  to  that  of  acid  of  fugar;  felenite  is 
formed,  and  the  acid  of  fugar  may  be  cryftallized,  and  by 
the  form  of  it's  cryflals  recognized,  as  well  as  by  every 
other  property.  It  is  eafily  foluble,  occaflons  a  precipi- 
tate from  lime  water,  and  from  a  folution  of  felenite,  and 
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with  mineral  alkali   forms  a  fait  that  requires  a  large 
quantity  of  water  for  it's  folution. 

2.  When  the  (tone  has  been  finely  powderodj  marine 
acid  will  {lowly  difTblve  all  but  any  fmall  quantity  of  li- 
thic  matter  which  it  may  contain.  After  the  folution  has 
been  evaporated  to  drynefs,  no  part  is  then  foluble  in  wa- 
ter, the  marine  acid  being  wholly  expelled.  When  the 
dried  rnafs  is  diftilled  with  a  greater  heat,  the  faccharine 
acid  is  decomposed,  and  afublimate  formed,  flill  acid  and 
Hill  cryftallizable,  but  much  lefs  foluble  in  water,  and 
which  does  not  precipitate  lime  from  limewater,  After 
diftillation,  the  remainder  contains  phofphorated  lime, 
pure  lime  and  charcoal)  and  when  calcined  in  the  open 
air,  the  charcoal  is  confirmed  and  the  whole  reduced  to 
a  white  powder.  The  two  former  may  be  dilTolved  in 
marine  acid,  which,  when  evaporated  to  drynefs^  will  be 
retained  only  by  the  lime  5  fo  that  water  will  then  fepa- 
rate  the  muriated  lime,  and  the  phofphorated  may  after- 
wards be  fubmitted  to  the  ufual  analyfis. 

Bone  earth  calculus.  Befidcs  that  of  Scheele,  and  the  £££!* 
two  already  noticed,  there  is,  according  to  Dr.  Wollaf- 
ton,  alfo  a  fourth  fpecies  of  calculus  occasionally  formed 
in  the  bladder^  diftincl:  in  it's  appearance,  arid  differing 
in  it's  component  parts  from  the  reft*  for  it  conlills  en- 
tirely of  phofphorated  lime.  It's  furface  is  generally  of 
a  pale  brown,  and  fo  ftnooth  as  to  appear  poliflied  ;  when 
fawed  through,  it  is  formed  very  regularly,  laminated, 
and  the  lamina*  in  general  adhere  fo  (lightly  to  each 
other  as  to  feparate  with  eafe  into  concentric  crufts.  In 
a  fpecinien  from  Dr.  Baillie,  each  lamina  is  iituated  in  a 
direction  perpendicular  to  the  furface,  as  from  an  ailem- 
blage  of -cryftallized  fibres. 

This  calculus  diffolves  entirely,  though  (lowly,  in  ma- 
rine or  nitrous  acid,  and,  confiding  of  the  fame  element? 
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as  earth  of  bones,  may  undergo  a  fimilar  analyfis,  unne- 
eeflary  to  particularize. 

By  the  blowpipe  it  is  immediately  difcovered  to  differ 
from  other  urinary  calculi ;  it  is  at  firft  (lightly  changed, 
but  foon  becomes  perfectly  white,  flill  retaining  it's  form 
till  urged  with  the  utmoft  heat  from  a  common  blowpipe, 
when  it  may  at  length  be  completely  fufed.  But  even 
this  degree  of  fufibility  is  fuperior  to  that  of  bones. 
The  difference  confifls  in  an  excefs  of  calcareous  earth 
contained  in  bones,  which  renders  them  lefs  fufible. 
This  redundant  proportion  of  lime  in  bones  renders  them 
alfo  more  readily  foluble  in  marine  acid,  and  may,  by 
evaporation  of  fuch  a  folution,  be  feparated,  as  in  the  laft 
experiment  upon  mulberry  calculus.  The  remaining 
phofphcrated  lime  may  be  rediflblved  by  a  frefh  addition 
of  marine  acid,  and  being  now  freed  from  redundant 
lime,  will,  upon  evaporation  of  the  marine  acid,  affume 
a  cryftalline  form,  As  the  laminated  calculus  contains 
no  excefs  of  lime  that  will  at  once  yield  fuch  cryflals, 
their  appearance  is  defcribed  in  the  account  of  the  calcu- 
lus of  the  proflate  gland,  by  this  chemift,  and  in  the  firft 
experiment. 
Lithror-  With  refpect  to  the  remedies  for  this  difeafe,  Dr.  Wol- 

tnpucj,  Jafton  is  of  opinion,  that  when  a  calculus  is  difcovered 
by  the  evacuations  to  be  of  the  fufible  kind,  there  ap- 
pears a  more  favourable  profpeel:  of  relief  than  with  re- 
fpeel: to  the  mulberry  calculus ;  for  any  acid  that  is  carried 
to  the  bladder  will  acl  upon  the  triple  cryftals,  and  moft 
acids  will  alfo  diflblve  the  phofphoraied  lime,  whilft  alca- 
lis,  on  the  contrary,  would  rather  have  a  tendency  to  add 
to  the  difeafe.  Befides  this  fpecies,  the  fufible  calculus 
has  afforded  decifive  marks  of  it's  prefence  in-  the  cafe 
which  furnifhed  this  chemift  with  his  fpecimen  of  triple 
cryftals,  and  by  the  defcription  given  by  Forbes  (in  his 


CONCRETIONS. 

Treatife  upon  Gravel  and  Gout,  ed.  1793.  p.  65.)  of  a 
white  cryftallized  precipitate,  no  doubt  is  entertained 
that  his  patient  laboured  under  that  variety  of  the  difeafe. 
With  refpedt  to  the  mulberry  calculus,  it  appears,  that 
an  intimate  knowledge  of  it's  properties  will  leave  but 
fmall  profpecl:  of  relief  from  any  folvent ;  but  by  tracing 
the  fource  of  the  difeafe  fome  hopes  may  be  entertained 
of  preventing  it.  As  the  faccharine  acid  is  known  to  be 
a  natural  preducT:  of  a  fpecies  of  oxalis,  it  feems  more 
probable  that  it  is  contained  in  fome  other  vegetables,  or 
their  fruits  taken  as  aliment,  than  produced  by  the  digef- 
tive  powers,  or  fecreted  by  any  difeafed  action  of  the 
kidneys.  The  nutriment  would  therefore  become  a  fub- 
jecl:  of  minute  inquiry,  rather  than  any  fuppofed  defeel 
of  aftlmilation  or  fecretion. 

As  to  the  bone  earth  calculus,  although  fo  nearly  al- 
lied to  that  of  the  profiate,  it  is  dill  manifeftly  different, 
and  cannot  be  fuppofed  to  originate  from  that  fource ; 
but  if  ever  the  drinking  of  water  impregnated  with  cal- 
careous earth  gave  rife  to  (tone  in  the  bladder,  Dr. 
Wollaflon  thinks,  that  this  would  molt  probably  be  the 
kind  generated,  and  that  the  remedy  muft  evidently  be  of 
an  acid  nature. 

Although  from  want  of  furBcient  attention  to  the  vari- 
eties of  fediment  from  urine,  and  want  of  information 
with  regard  to  the  diverfity  of  urinary  calculi,  the  depo- 
fits  peculiar  to  each  fecretion  are  yet  unknown  ;  it  feems 
probable  to  this  chemift,  that  no  long  courfe  of  obferva- 
tion  would  be  neceffary  to  afcertain  with  what  frxecies 
any  individual  may  be  afflicted. 

The  lithic,  which  is  by  far  the  moft  prevalent,  fortu- 
nately affords  great  variety  of  proofs  of  it's  prefence. 
Particles  of  red  fand  (as  they  are  called)  are  it's  cryftals. 
Fragments  alfo  of  larger  manes  and  fmall  ftones  are  fre- 
quently patted,  and  it  is  probable  that  the  majority  of  ap- 
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pearances  in  the  urine,  called  purulent,  are  either  the 
acid  itfelf  precipitated  too  quickly  to  cryftallize,  or  a 
neutral  compound  of  that  acid  with  one  of  the  fixed 
alcalis. 
pr.Foaifon.  The  experiments  and  pbfervations  which  Dr.  Pearfon 
has  made  on  this  fubject,  are  principally  on  a  fubftance 
which  he  has  found  to  be  very  generally  a  conftituent  part 
of  both  urinary  and  arthritic  concretions.  This  fub- 
ftance is  obtained  by  diflblving  it  out  of  thefe  concretions, 
by  lye  of  cauftic  fixed  alkali,  and  precipitating  it  from  the 
folution  by  acids.  This  was  the  rriethod  by  which 
Scheele  feparated  it;  but  according  to  Dr.  Pearfon,  he 
did  not  confider  it's  importance,  nor  of  courfe  invefti- 
gate  it's  properties  j  he  even  does  not  feem  to  have  been 
aware  of  it's  being  a  diftinct  conftituent  part  of  the  uri- 
nary concretion,  for  when  he  relates  the  experiments  of 
precipitating  matter  from  the  nitric  folution  of  calculus 
by  metallic  falts,  no  diftinction  is  made  between  the  pre- 
cipitations in  this  experiment  and  that  in  the  former, 
yet  Dr.  Pearfon  'fhows,  that  in  the  one  cafe  the  precipi- 
tate is  a  peculiar  animal  oxyd,  and  in  the  other  they  are 
metallic  phofphats. 

As  Scheele.obtained  an  acid  fublimate,  it  has  been  ima- 
gined  by  fome  writers,  that  the  precipitate  by  any  acid 
(even  by  the  carbonic)  from  the  alkaline  menftruum  was 
an  acid,  the  fame  as  that  obtained  by  fublimation,  and 
which,  in  the  new  fyftem  of  chemiftry,  has  been  deno- 
minated lithje  flcid',  but  the   experiments  of  Dr.  Pearfon 
ihow  that  thefe  fubftanccs  are  different  fpecies  of  matter. 
The  calculi  he  made  ufe  of  were  of  two  forts  :  the  one 
was  white,  fmooth,  and  lamellated  ;  the  other  of  a  nut- 
brown  colpur,  with  an  uneven  furface ;  both  were  round- 
ifh,  and  the  powder  of  both  mixed  together. 
Difcovt  rs  a      The  precipitate  obtained  by  the   folution  of  this  pow- 
^aimai        der  in  Jye  of  cauftic  foda,  and  the  addition  of  diluted  ful- 
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phirric  acid  to  faturate  the  alkali,  when  wafted  and  dried,  °xyd,caied 

•  ...  U11C  oxyd. 

was  a  mafs  of  very  light,  whitifh  cryftal,  refembling 
mica,  and  after  having  been  fubmitted  to  examination 
by  chemical  means,  afforded  the  following  conclusions 
as  the  moft  obvious. 

1.  It  appears  that  at  lead  one  half  of  the  matter  of 
the  urinary  concretions  united  to  cauftic  foda,  &c.  is 
precipitated  from  it  by  acids. 

2.  This  precipitate  does  not  indicate  acidity  to  the  moft 
delicate  tefts;  and  as  it  is  inodorous,  taftelefs,  and  fcarcely 
foluble  in  cold  water,  does  not  unite  to  the  alkali  of 
carbonat  of  potafli,  of  foda,  or  of  amoniac,  nor  to 
oxyd  of  mercury,  nor  to  the  lime  of  lime  water,  nor 
decompound  foaps,  or  prufliate  of  iron  ;  and  as  its  com- 
bination with  cauftic  foda  refcmbles  foap,  more  than 
any  other  double  fait  known  to  confift  of  an  acid  and 
alkali,  this  precipitate  does  not  belong  to  the  genus 
acid. 

3.  As  this  precipitate  could  not  be  fublimed,  without 
being  decompounded,  like  animal  matter,  and  alfo  for 
the  above  reafon,  it  cannot  be  the  fame  thing  as  the 
acid fublimate  of  Scheele,  or  the  fuccinic  acid. 

4.  As  it  does  not  appear  to  be  nrecipitable,  nor  form 
a  vifcid  folution  with -water,  it  cannot  be  referred  to 
the  animal  mucilages. 

5.  On  account  of  it's  manner  of  burning  in  the  air 
under  the  blow-pipe,  and  it's  yielding,  on  expofure  to 
fire  in  clofe  veflels,  the  diftinguifning  produces  of  animal 
matter,  (efpecially  ammonia  and  pruvlic  acid)  as  well  as 
on  account  of  it's  affording  a  foap-like  matter  with  cauftic 
foda,  Dr.  Pearfon  confiders  this  precipitate  as  a  fpecies 
of  animal  matter;  and  from  it's*  compofition  being 
analogous  to  that  of  the  fubftances  called  in  the  new 
chemiftry  animal  oxyds,  that  it  belongs  to  this  genus. 
It's   peculiar   and  fpecific  diftinguifning  properties   are 
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imputrefibiliiy,  facility  of  cryfallization9  infallibility  in  cold 
water,  and  that  moft  remarkable  property  of  all  others, 
producing  a  pink' or  red  matter,  on  evaporation  of  it*  $  folution 
in  nitric  acid. 

Having  found  this  precipitate  to  be  an  oxyd,  and  not, 
as  commonly  fuppofed,  an  acid,  this  chemift  thought  it 
probable,  that,  like  other  analogous  oxyds,  it  was  aJdf- 
able\  but  after  making  the  attempt  to  effect  this  by  means 
of  the  oxymuriatic,  the  nitro-muriatic,  and  the  nitric 
acid,  which  are  .capable  of  acidifying  fimilar  oxyds,  his 
hopes  of  acidifying  this  animal  oxyd  were  exploded  :  he 
was  however  indebted  to  that  puifuit  for  the  curious  dif- 
covery  of  the  change  of  this  moft  common  bafts  of  uri- 
nary concretions  (the  animal  oxyd)  into  ammonia  and 
carbonic  acid,  by  the  oxygen  of  the  above  acids,  which 
will  be  found  extremely  important  in  the  explication  of 
feveral  phenomena.  For  it  now  appears,  according  to 
this  chemift,  that  the  inflammation  on  evaporation  of 
the  nitric  folution  of  this  animal  oxyd,  arofe  from  the 
nitra1  of  amonia,  the  nitrum  fammans  of  the  old  chemifts, 
compounded  in  the  experiment.  This  inflammation  aifo 
fometimes  takes  place,  on  evaporation  of  nitric  folution?, 
both  of  urinary  concretions,  and  of  urine  itfelf  evapo- 
rated to  the  ftate  of  foft  extract,  on  account  of  the  am- 
monia already  exifting  in  the  fubftances.  The  compo- 
sition of  ammonia  alfo  explains  the  difappearance  of  the 
whole  natter  of  fome  forts  of  urinary  concretions,  a 
very  fonall  reficiue  of  black  matter  excepted,  by  repeated 
affufion  and  evaporation  of  nitric  acid,  from  the  folution 
of  them  in  this  menftruum. 

With  refpeel:  to  the  matter  which  remained  on  the 
ftrainer,  after  the  filtration  of  the  folution  of  the  pow- 
dered calculus  in  the.ive  of  cauftic  foda,  it  was  on  being 
dried  an  impalpable  white,  taftelefs,  heavy  powder,  and 
on  being  fubmitted  to  experiment,  appeared  to  confift  of 
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phofphat  of  lime  ;  accordingly  three  hundred  grains  of 
urinary  concretions  examined  by  Dr.  Pearfon  appear  to 
have  contained  of  Grains 

Peculiar  animal  oxyd         175 

phofphat  of  lime        QQ 

ammonia  (and  moft  probably  phofphoric  acid 
united  to  the  ammonia)  water,  and  common 
mucilage  of  urine,  not  collected  and  weighed, 
by  eftimation     29 

300 
The  next  object  of  this  chemift  was  to  obtain  the  acid 
fublimate  of  Scheele,  or  lithic  acid,  as  it  has  been  called, 
and  to  compare   it  with   the  before  mentioned  animal 
oxyd. 

Having  taken  100  grains  of  an  urinary  concretion 
which  had  been  previoufly  found  to  contain  principally 
the  above  animal  oxvd,  they  were  expofed  in  a  tube  for 
that  purpofe  to  the  fire,  firft  to  a  low  temperature,  and 
gradually  to  a  very  elevated  one;  by  which  means,  befides 
a  gas  amounting  to  24  oz.,  which  confided  of  nearly 
16  of  carbonic  acid  gas,  and  air  with  a  larger  proportion 
of  nitrogen  gas  than  is  found  in  atmofpheric  air,  an  of- 
fenfive  fmell  of  empyreumatic  animal  oil  mixed  with  that 
of  pruflic  acid,  20  grains  of  a  brown  fublimate  of  carbo- 
nat  of  ammonia  and  a  refidue  of  30  grains  of  an  almoft 
pure  carbon,  with  10  grains  of  heavy  black  and  brown 
matter,  in  which  were  many  fmall  white  fpiculae,  a  dark 
gray  matter  was  obtained  which  weighed  15  grains.  It 
had  been  raifed  about  half  an  inch  above  the  carbona- 
ceous refidue.  This  fublimed  gray  matter  on  examina- 
tion was  found  not  to  contain  any  ammonia,  nor  throw 
down  any  prufliat  of  iron  with  fulphat  of  iron.  It  red- 
dened turnfile  paper  and  tincture.  It  was  foluble  in 
cauftic  foda,  from  which  folution  muriatic  acid  gave  no 
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precipitate,  for  although  on  dropping  it  into  the  folution, 
a  milkinefs  appeared,  the  liquid  foon  grew  clear  again. 

Ten  grains  of  this  fublimate  diflblved  in  four  ounces  of 
boiling  water,  and  on  evaporation  to  half  an  ounce,  a  co- 
pious depoiit  took  place,  on  cooling,  of  white  fpiculac, 
which  Dr.  Pearfon  thinks,  are  analogous  to  benzoic  acid. 
The  fublimate  had  a  fharp,  but  not  four  tafte.  Being 
boiled  in  muriatic  and  nitric  acids,  no  folution  took 
place,  and  what  is  more  particularly  to  be  obferved  is, 
that  it  left  no  red  or  pink  matter  on  evapdrating  the  ni- 
tric acid  from  it.  The  fulphuric  acid  only  diflblved  by 
the  acid  of  heat,  without  effervefcence,  from  which  no- 
thing was  precipitated  by  cauftic  foda;  on  evaporating 
the  folution  to  drynefs,  black  fumes  arofe,  leaving  behind 
only  a  black  ftain.  This  fublimed  matter  did  not  render 
Jimewater  turbid.  Boiled  in  muriatic  acid,  fo  as  to  carry 
off  all  but  a  very  little  free  acid;  on  the  addition  of  lime- 
water,  there  was  no  turbid  appearance,  but  milkinefs  en- 
fued  on  adding  oxalic  acid.  The  whole  of  this  fubli- 
mate, with  the  fpiculae,  in  the  ten  grains  before  men- 
tioned, which  appeared  to  be  of  the  fame  nature, 
amounted  by  eftimation  to  18  grains;  and  Dr.  Pearfon 
looks  upon  this  to  be  the  acid  fublimate  of  Scheele. 

This  experiment  was  repeated  a  fourth  time,  and  af- 
fords evidence,  according  to  this  chemift,  of  the  wide  dif- 
ference between  the  animal  oxyd  and  the  acid  fublimate 
of  Scheele. 

If  this  conclufion  be  allowed  to  be  juft,  it  will  be  ne- 
cefiary  to  give  a  name  to  this  urinary  animal  oxyd. 
Agreeably  to  the  principles  of  the  new  chemical  nomen- 
clature, the  name  mould  be  lithic  oxyd.  But  the  term 
lithic  this  chemift  conceives  to  be  a  grofs  folecifm,  and 
he  prefers  the  name  of  curie  or  uric  oxyd;  and  although 
it's  exiftence  in  arthritic  as  well  as  in  urinary  concretions 
may  be  an  objection,  ftill  from  it's  being  found  in  greater 
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abundance  by  far  in  the  urinary  paflages  than  in  other 
fituations,  and  therefore  falling  under  common  obferva- 
tion  as  an  ingredient  in  the  urine,  philology  may  allow 
it's  admiffion. 

The  preceding  fa&s  and  experiments  are  applicable  to  a 
variety  of  ufes  in  chemical  inveftigation  ;  fince  we  are 
now  not  only  able  to  detect  in  the  eafieft  manner  the 
prefence  of  the  minuteft  proportion  of  the  above  animal 
oxyd  in  urinary  concretions,  and  alfo  in  other  fubftances, 
but  even  to  determine  it's  proportion  to  the  other  con fti- 
tuent  parts,  in  the  (pace  of  a  few  minutes,  in  mod  cafes, 
and  in  all  in  a  very  little  time ;  without  any  other  appara- 
tus than  nitric  acid,  a  round  bottomed  matrafs  or  glafs 
difli,  and  a  lamp ;  by  which  method  Dr.  Pearfon  has  ex- 
amined above  300  fpecimens  of  concretions  of  the  hu- 
man fubject  and  other  animals,  principally  urinary,  and 
alfo  many  other  from  other  parts,  particularly  thofe  from 
the  joints,  and  he  found, 

1 .  That  out  of  200  fpecimens  of  urinary  calculi,  not 
more  than  fix  did  not  contain  the  animal  oxyd,  /.  e. 
about  32  out  of  33  contained  it. 

2.  That  the  proportion  of  this  oxyd  was  very  different, 
varying  from  ^  (exclufive  of  water)  to  £$| ;  but  for  the 
moft  part,  varying  between  T8o°o  and  ii°,  for  in  fome  the 
interior  part  contained  this  oxyd,  and  the  exterior  part 
not,  whilit  in  others  on  the  contrary,  the  exterior  did, 
and  the  interior  did  not. 

3.  That  the  common  animal  mucilage  of  urine  is  fre- 
quently found  in  concretions,  in  very  different  propor- 
tions, but  is,  perhaps,  never  a  principal  conftituent  part 
of  them. 

4.  That  the  animal  oxyd  was  notprefent  in  the  urinary 
or  any  other  concretions  of  any  animal  but  the  human 
kind. 
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5.  That  this  animal  oxyd  is  prefent  alfo  in  human  ar- 
thritic calculi,  but  not  in  thofe  of  the  teeth,  ftomach,  in- 
terlines, lungs,  brains,  &c. 

From  thefe  experiments  on  the  acid  fublimate,  it  ap- 
pears very  doubtful  to  this  chemift,  whether  the  lithic 
acid  of  Scheele  exifts  as  a  constituent  of  urinary  concre- 
tions, or  is  compounded  in  confequence  of  a  new  ar- 
rangement taking  place  of  the  elementary  matters  of 
the  concretion,  by  the  agency  of  fire;  but  it  is  demon- 
i  ftrated,  that  the  urinary  animal  oxyd  is  really  a  conftitu- 
ent  part,  and  even  a  principal  one,  of  almoft  all  human 
urinary  calculi. 

Befide  the  analyfis  of  the  human  calculus,  we  are  in- 
debted  to   the  fame  ingenious  chemift  for  fome  experi- 
ments and  obfervations  on  the  urinary  calculi  of  the  dog, 
the  rabbit,  and  the  horfe. 
j  I.  Urinary  calculus  of  the  dog.     This  calculus  maybe 

the  4>f.  looked  upon  as  a  great  curiofity,  being,  perhaps,  the  only 
fpecimen  in  London.  The  animal  was  in  perfect  health, 
and  difTected  by  H.  Leigh  Thomas. 

It's  furface  is  oval,  3|  inches  in  length,  and  three  in 
breadth,  white  as  chalk,  and  rough  and  uneven  on  it's 
furface.  No  nucleus  was  found  on  being  fawed  through, 
it  was  not  laminated,  but  near  the  centre  radiated,  and  it 
contained  nWn'mg  fpicula.  In  the  other  parts  it  was  ge- 
nerally compact  and  uniform  in  it's  texture.  It  weighed 
nearly  10  ounces  and  a  half.  It's  fpeciflc  gravity  was 
greater  than  that  of  human  urinary  concretions  in  gene- 
ral, which  this  chemift  has  learned  to  be  the  cafe  from 
experience,  with  refpe6l  to  the  urinary  and  inteftinal  con- 
cretions- of  other  brute  animals,  efpecially  thofe  of  the 
horfe. 

The  fpecific  gravity  of  the  prefent  calculus  was  1,7. 

That  of  a  human  urinary  calculus  called  mulberry  cal- 
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cuius,  which  conftfted  almoft  entirely  of  uric  oxyd,  was 
1,609,  and  that  of  another  of  the  fame  compofition,  but 
quite  fmooth,  and  extracted  by  Ford,  was  1,571. 

1.  The  prefent  calculus  of  the  dog  had  no  tafte,  nor 
fmell,  till  expofed  to  the  fire. 

2.  Expofed  to  the  blowpipe  it  firft  became  black,  and 
emitted  the  fmell  of  common  animal  matter ;  it  next 
fmelled  ftrongly  of  empyreumatic  liquor  cornu  cervi,  and 
after  burning  fome  time,  became  inodorous  and  white, 
and  readily  melted,  like  fuperphofphat  of  lime. 

■3.  Triturated  with  lye  of  cauftic  foda,  there  was  a  co- 
pious difcharge  of  ammonia. 

4.  It  formed  a  clear  and  colourlefs  folution,  on  boiling 
in  nitrous  acid,  and  evaporated  to  drynefs  left  a  refidue  of 
white  bitter  matter,  which  emitted  a  weak  fmell  of  ani- 
mal matter  under  the  blowpipe. 

5.  A  mixture  of  150  grains  of  the  powdered  calculus, 
and  2  pints  and  a  half  of  pure  water,  being  diftilled  to 
three  ounces,  the  liquor  contained  only  a  little  ammonia. 
The  three  ounces  of  refiduary  liquor  being  filtered  and 
evaporated,  gave  20  grains  of  phofphat  of  ammonia, 
with  a  little  animal  matter,  and  the  refiduary  undiflblvcd 
matter  amounted  to  67  grains. 

6.  Thefe  67  grains  being  triturated  with  four  ounces  of 
cauftic  foda  lye,  difcharged  very  little  ammonia.  They 
likewife  afforded  phofphat  of  lime  and  animal  matter. 

7.  This  refiduary  infoluble  fubftance  in  cauftic  lye, 
under  the  blowpipe,  firft  turned  black, . and  then  grew 
white,  but  could  not  be  melted. 

Thefe  experiments  demonftrate,  that  the  above  concre- 
tion contained  none  of  the  uric  oxyd,  but  was  compofed, 
principally  at  leaft,  of  phofphats  of  lime  and  ammonia, 
and  animal  matter. 

fhe  prefent  inftance  leads  this  chemift  to  explain  the 
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reafon  of  the  fufibility  of  calculi.  The  above  experi- 
ments prove  it  to  depend  on  the  difcharge  and  decompo- 
fition  of  the  ammonia  of  the  phofphat  of  ammonia, 
during  the  burning  away  of  the  animal  matter ;  hence 
the  refiduary  phofphoric  acid  readily  fufes,  and  uniting  to 
the  phofphat  of  lime,  compofes  fuperphofphat  of  lime, 
a  very  fufible  fubflance.  The  phofphat  of  ammonia 
being  diflblved  by  water,  or  cauftic  alcaline  lye,  the  re- 
maining matter  is  infufible,  being  phofphat  of  lime. 

A  very  hard,  brittle,  and  blackifh  intefUnal  calculus 
of  a  dog,  was  found  to  be  of  greater  fpecific  gravity  than 
human  urinary  calculi,  and  to  have  the  fame  compofition 
as  that  of  the  dog  above  defcribed. 

This  alfo  was  found  to  be  the  compofition  of  a  white, 
fmooth,  round,  inteftinal  calculus  of  a  horfe,  the  fpecific 
gravity  of  which  was  1,791. 
Calculus  of      2.  Urinary  calculus  of  a  rabbit.     Dr.  Pearfon  likewife 

a  rabbit. 

looks  upon  this  as  a  cunofity,  being  the  only  inftance  he 
has  feen.  The  animal  from  which  it  was  taken  was  very 
fat  and  healthy. 

It's  form  was  fpherical,  and  of  the  fize  of  a  fmall  nut- 
meg. It's  colour  a  dark  brown,  it's  furface  fmooth,  and 
it's  confiftence  hard,  brittle  and  heavy.  When  broken, 
it  appeared  to  confift  of  concentric  laminae.  It's  fpecific 
gravity  was  2.  It  confided  principally  of  carbonat  of 
lime  and  common  animal  matter,  with,  perhaps,  a  very 
fmall  proportion  of  phofphoric  acid,  but  contained  no 
uric  oxyd. 
Calculus  of  3.  Urinary  calculus  of  the  horfe.  This  chemift  has  ex- 
e  ot  P'  amined  feveral  fpecimens  in  cabinets,  faid  to  be  vefical 
calculi  of  this  quadruped,  and  he  found  none,  of  them  to 
contain  the  uric  oxyd,  but  that  they  confifted  (as  well  as 
the  calculi  from  the  ftomach  and  inteftines  of  the  fame 
animal]  of  phofphat  of  lime,  phofphat  of  ammonia,  and 
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common  animal  matter,  which  melted  like  fuperphof- 
phat  of  lime,  after  burning  away  the  animal  matter  and 
ammonia. 

This  concretion,  given  by  Dr.  Baillie,  was  of  a  black- 
ifh  colour,  very  hard  and  brittle  in  it's  confidence,  and 
without  fmell  or  tafte.  It  felt  heavier  than  human  uri- 
nary calculi.  From  the  experiments  of  this  chemift,  it 
appears,  that  like  the  former  calculus  from  a  rabbit, 
it  confided  of  carbonat  of  lime,  and  common  animal 
matter. 

A  renal  calculus  of  a  horfe,  in  Heavifide's  collection, 
appeared,  on  examination,  to  confift  of  carbonat  of  lime 
and  common  animal  matter.  Another  fpecimen  of  the 
fame  fort  confided  of  phofphats  of  lime  and  ammonia, 
and  common  animal  matter.  It  fufed  under  the  blow- 
pipe. A  vefical  calculus  was  compofed  of  the  fame  in- 
gredients. 

Dr.  Pearfon  has  met  with  two  inftances  of  a  depofit  of 
a  prodigious  quantity  of  matter  in  the  urinary  bladder  of 
horfes,  which  had  not  cryftallized,  or  even  concreted;  it 
amounted  in  one  fpecimen  given  to  him  by  Dr.  Marmall, 
to  feveral  pounds  weight,  and  in  the  other,  which  is  in 
the  poffeffion  of  Home,  to  about  45  pounds.  It's  com- 
pofition  was  principally  carbonat  of  lime  and  common 
animal  matter. 

Such  depofits,  it  appears,  are  not  unfrequent. 
This  chemift  has  not  found  any  inftance  of  human 
urinary  calculi  of  fimilar  compofition  to  that  of  the  rab- 
bit, and  thofe  of  horfes,  above  defcribed,  which  confift  of 
carbonat  of  lime  and  animal  matter;  and  he  is  of  opi- 
nion, that  they  very  rarely  occur  of  a  fimilar  compofition 
to  thofe  of  the  dog  and  horfes,  which  were  found  to  con- 
fift of  phofphat  of  ammonia,  phofphat  of  lime  and  ani- 
mal matter,  without  containing  uric  oxy& 
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The  difference  in  the  conftitution  of  urinary  concre- 
tions may  depend  on  the  difference  of  the  urinary  organs 
of  different  animals,  on  the  food  and  drink,  and  on  the 
various  difeafed  and  healthy  ftates  of  the  urinary  organs. 

Dr.  Pcarfon  has  not  found  the  uric  oxyd  in  the  urinary 
concretions  of  any  phytivorous  animal ;  but  whether  it 
be  formed  in  the  human  animal,  when  nourifhed  merely 
by  animal  matter,  muft  be  determined  by  future  obferva- 
tions.  He  found  the  ftomach  concretion,  called  oriental 
bezoar,  to  confift  merely  of  vegetable  matter,  as  did  the 
inteftinal  concretion  of  a  fheep. 
Brufnatelii.  Brugnatelli,  upon  lubmitting  different  kinds  of  calculi 
to  chemical  experiment,  found, 

lft.  That  all,  as  feveral  chemifts  had  obferved,  were  in 
part  foluble  in  water,  when  caft  into  it  in  a  pulverized 
ftate  at  the  boiling  point.  The  filtered  folution,  whilft 
warm,  was  of  a  yellow  colour.  The  portion  that  re- 
mained on  the  filter  was  not  entirely  foluble  in  frefh 
water. 

2d.  That  the  part  foluble  in  water  was  the  acidulous 
phofphat  of  lime,  which  he  found  to  exift  in  the  greater! 
number  of  white  calculi. 

Brugnatelli  feems  furprifed  that  Scheele  and  Bergman, 
and  other  chemifts  who  have  examined  this  fubftance, 
fhould  have  looked  upon  the  foluble  part  to  be  the  lithic 
acid,  and  that  Scheele  mould  maintain  that  thefe  calculi 
contained  no  lime. 

Fourcroy,  however,  fupports  the  facl;,  that  this  matter, 
foluble  in  water,  is  the  liihic  acid,  and  he  never  met  with 
the  acidulous  phofphat  of  lime  in  the  concretions,  ex- 
cept in  one ;  it  is  the  lithic  acid  which  altvays,  in  the  fo- 
lution, reddens  litmus. 

3d.  That  the  portion  of  the  vefical  calculus,  which  was 
not  diffolved  by  the  water,  contains  a  fubftance  abounding 
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in  the  oxalic  radical.  As  a  proof  of  this,  he  poured 
fome  concentrated  nitric  acid  on  the  infqluble  refiduum, 
which  it  diflolved  with  a  little  effervefcence,  and  a  difen- 
gagement  of  very  thick,  red,  nitrous  vapours.  There 
was  no  refiduum.  The  folution  was  of  a  yellow  colour, 
and  ftained  the  (kin  of  a  rofe  colour,  which  difappeared  v 
on  touching  it  with  the  nitric  acid.  On  pouring  into 
this  folution  fome  oxalic  acid,  there  was  no  veftige  of  the 
prefence  of  lime.  There  was  no  turbidnefs.  Brugna- 
telli,  however,  did  not  conclude  from  this,  that  there  was 
none  of  this  earth,  having  found  lime  to  exift  in  faline 
Combinations,  without  being  indicated  by  the  oxalic  acid. 
■  He  had  befides  obferved,  that  calculi  and  fediments  of 
urine,  when  treated  with  the  nitric  acid,  afforded  oxalic 
aeid,  from  which  he  contended^  that  the  lime  was  in  a 
ftatc  of  oxalat,  already  faturated,  and  taken  again  into  fo- 
lution by  the  nitric  acid.  In  fuch  a  cafe  the  oxalic  acid 
was  no  longer  capable  of  acting  on  the  lime. 

4th.  That  a  great  part  of  the  calculus,  foluble  in  the 
nitric  acid,  is  converted  into  oxalic  acid.  As  a  proof  of 
this,  a  certain  quantity  of  the  folution  of  the  refiduum  of 
the  calculus  iti  nitric  acid  was  evaporated  until  the  en- 
tire difappearance  of  the  nitric  acid,  and  afterwards  tried 
with  lime  water,  a  depofit  formed  as  if  it  had  been  with 
the  folution  of  pure  oxalic  acid. 

He  alfo  diflolved  the  refiduum  of  three  different  calculi 
in  concentrated  nitric  acid,  and  gradually  diftilled  the 
three  folutions  ;  after  a  furficient  concentration,  they  were 
placed  in  a  cool  place.  The  next  day  he  found  in  one  of 
them  fome  beautiful  cfyftals  of  oxalic  aeid,  with  a  por- 
tion of  thick  liquor,  from  which  he  could  not  extract  any 
more  cryfrals.  The  other  two  gave  no  appearance  of 
cryftaHization,  although  the  liquors  contained  a  great  deal 
of  the  oxalic  acid  in  a  combined  ftate. 

He  decompofed;  by  the  means  of  ammonia,  another 
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another  portion  of  the  calculous  folution  by  the  nitric 
acid,  and  obtained  a  cryiiallized  precipitate  fomewhat 
tranfparent.  This  when  dried  was  of  a  mining  white 
colour,  compofed  of  fmall  lamellated  cryftals.  It's  fa- 
vour was  rather  (harp,  and  it  reddened  the  tincture  of 
litmus.  This  cryftalline  mafs  eafily  diflblved  in  the  ni- 
tric acid,  of  which  it  deepened  the  colour ;  in  diftilled 
water,  it  formed  a  turbid  folution  that  became  clear  on 
repofe,  and  depofited  a  little  white  matter  refembling 
lime.  This  folution  had  fcarcely  any  diftinct  favour. 
The  oxalic  acid  did  not  render  it  turbid,  but  produced  a 
very  abundant  precipitate  in  the  lime  water,  which  was 
the  oxalat  of  lime. 

The  cryftals  feparated  by  the  ammonia  from  the  ni- 
trous folution  of  the  calculus,  appear  according  to  Dr. 
Brugnatelli  to  be  the  acidulous  oxalat  of  lime.  Diftilled 
water  feparated  the  free  acid.  He  neither  met  with  the 
oxalic  nor  the  pruffic  acid  in  the  calculi  he  has  analyzed. 
The  fali ne  precipitate,  feparated  from  the  calculous  folu- 
tion in  the  nitric  acid  by  ammonia,  appears  to  deferve 
to  be  better  examined. 
Fouicroy  Fourcroy  and  Vauquclin,   inftead  of  finding  urinary 

wen?""  calculi  conftantly  or  totally  formed  of  uric  acid  (lithic 
acid)  as  Scheele  had  announced,  or  phofphat  of  lime 
mixed  with  this  acid,  according  to  Hartenkeil  and  Pear- 
fon,  have  difcovered  from  their  numerous  experiments, 
newfubftan-  befides  the  uric  acid  and  phofphat  of  lime,  five  other 
ces  m  cal-  conftituent  parts  which  were  unknown  before  to  exift  in 
human  urinary  calculi,  viz.  ammonia,  ammoniaco- 
magnefian  phofphat,  oxalat  of  lime,  filex,  and  an  ani- 
mal matter. 

The  afpeel  of  the  calculus  alone  is  almoft  always  fuf- 
ficient  to  indicate  the  nature  of  it's  mafs,  when  it  is 
formed  of  only  one  fubftance,  or  of  the  different  ftrata 
of  which  it  is  compofed.     If  the  appearance  alone  be 
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not  fufficient  to  give  an  exact  notion  of  it's  nature,  or 
that  of  it's  ftrata,  it  is  readily  known  by  means  of  a 
few  fmall  chemical  trials  to  be  related.  The  chemical 
characters  of  each  of  thefe  fubftances  are  fo  well  laid 
down  by  thefe  two  chemifts,  as  to  make  it  impoffible 
almoft  to  be  miftaken  in  them,  at  the  fame  time  it  gives 
rife  to  a  new  clarification  of  calculi,  according  to  their 
component  parts. 

Uric  acid,  for  an  account  of  which  vide  lithic  acid,  rT .      .. 

'  y  Unc  ac;d. 

art.  acids. 

V rat  of  ammonia.  This  is  more  rare  in  calculi  than  Urat  of  am- 
the  uric  acid  \  it  is  found  in  thin  ftrata  of  a  texture  but  moma' 
little  cryftallized,  eafily  rubbed  down,  of  a  colour  re- 
fembling  coffee  with  milk,  very  rarely  alone,  often  mixed 
with  uric  acid,  or  with  phofphats  interpofed  between 
their  ftrata,  eafily  known  by  it's  rapid  folubility  in  the 
lye  of  cauflic  potafh,  during  which  there  is  an  extrica- 
tion of  ammonia,  whilft  pure  uric  acid  affords  none. 

Phofphat  of  lime.     This   is  found   of  a  white   colour,  _.  '    , 

Jr  J  ■      *  Phofphat  of 

rough,  granular,  friable,  or  in  very  brittle  white  ftrata,  lime. 
marking  the  hands,  paper  or  fluffs,  like  chalk,  breaking 
on  being  fawed,  infipid  to  the  talte,  infoluble  in  water  ; 
foluble  in  nitric,  muriatic,  and  even  in  the  acetous  acid, 
forming  acid  folutions,  precipitated  by  ammonia  and  the 
alkalis,  efpecially  by  the  oxalic  acid.  It  forms  white, 
friable,  earthlike  calculi,  or  the  calculous  ftrata  of  that 
nature.  It  is  never  alone  in  calculi ;  it  is  intimately  mixed 
with  a  gelatinous  animal  matter,  which  remains  in  the 
form  of  a  membrane,  when  fufpended  in  weak  acids  fo  as 
to  di'flblve  the  faline  part ;  it  is  this  animal  matter  that  pro- 
duces the  coal  obtained  in  the  calcination  of  thefe  fpecies 
of  white  friable  calculi,  and  the  fatuous  odour  of  glue 
when  they  are  boiled  in  water.  Thefe  fpecies  of  calculi 
are  eafily  ditTolved  in  the  bladder  by  muriatic  acid,  io 
much  diluted  as  fcarcely  to  be  fapid. 
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Pbofphat  of  ammoniaco-magnefia.     This  is  white,  and 

femitranfparent,  lamellated,  with  fpathic  ftrata  fometimes 

Phofphat  of  crvftallized  in  piifms  or  in  ihe  form  of  cock's  combs  on 

ammonia-  '  .  .  . 

co-magne-  the  calculi,  of  a  faint  fwcetifli  favour,  refembling  gyp- 
feous  alabafter,  more  foluble  in  water  than  the  preceding 
fubftance,  very  foluble  in  the  wcakeft  acids,  decompofed 
by  fixed  alcali,  which  difengages  the  ammonia  and  preci- 
pitates the  magnefia.  It  never  forms  urinary  calculi  of 
itfclf  5  it  is  often  mixed  with  phofphat  of  lime,  always  in 
the  white  friable  calculi ;  fometimes  it  covers  of  itfelf  a 
nucleus  of  uric  acid,  or  oxalat  of  lime.  The  fame  ani- 
mal gelatinous  matter  is  found  in  it  as  in  the  preceding. 
It  is  of  all  calculous  matter  the  moft  foluble,  by  an  in- 
jection of  extremely  weak  and  diluted  muriatic  acid  into 
the  bladder. 

Oxalat  of  lime.     Thefe^  chemifts  found  it  forming  the 
folid  balls  of  the  mulberry  calculi,  fo  called  from  the  ine- 
quality of  their  fur  face,  and  their  blackifh  brown  colour. 
This  fait  is  combined  in  them  with  an  animal  matter  the 
moil  abundant  of  all  that  ex i ft  in  calculi ;  this  combi- 
nation is  very  denfe,  difficult  to  faw,  taking  the  form  of 
caps  placed  upon  each  other,  which  give  rife  to  project- 
ing tubercula,  as  it  were  depolited  on  a  common  centre; 
receiving  a  polifh  like  that  of  ivory;   diffufing  a  fatuous 
and  fpermatic  odour  on  being  cut  with  the  faw  ;  inter- 
nally of  a  eray  colour  ;  infoluble   and  not  to  be  decom- 
pofed in  alkalis;  foluble  in  nitric  acid,  even  when  weak, 
but  ftowly,  and  with  difficulty;  only  to  be  decompofed  by 
the  carbonats  ofpotafh,  and   of  foda,  by  which  it  may 
be  analyzed,  leaving,  after  being  decompofed  and  burnt 
in  the  fire,  a  quicklime  which    is  eafilv  known.     Thefe 
mulberry  calculi,  which  are  prcttv  often  alone,  and  likewife 
often  covered   with   uric  acid   or  earthy  phofphats,  are 
thofe  kinds  which   ought   the  moft  to  refift  menftrua 
Injected  into  the  bladder. 


Oxalat  of 
June. 
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Si/ex.  Thefe  chemifts  have  only  met  with  this  earth  Silex. 
twice  on  analyzing  300  calculi  with  great  exactnefs ; 
hence  it  rarely  enters  their  compofition.  It  is  found 
mixed  with  the  uric  acid,  and  with  earthy  phofphats  in 
calculi,  the  compofition  of  which  is  very  complicated. 
From  it's  being  fo  feldom  met  with,  it  can  fcarcely  be 
counted  amongft  the  number  of  calculous  materials. 

Animal  matter.  This,  which  accompanies  one  or  the  Anima* 
other  of  the  fix  preceding  materials,  and  which  feems  to 
form  their  gluten,  bond  or  cement,  appears  to  vary  ac- 
cording to  the  nature  of  thefe  materials,  and  may  be  the 
determining  caufe  of  the  precipitation  of  fome  or  of 
others ;  for  all,  except  the  oxaiat  of  lime  which  appears 
to  be  a  real  morbific  matter,  are  the  natural  elements  of 
human  urine.  This  animal  matter  is  fometimes  in  the 
form  of  a  gelatin,  or  a  fort  of  albumen  ;  at  other  times 
analogous  to  thefe,  and  merits  a  further  inveftigation. 

The  old  method  of  darling  urinary  calculi  was,  ac-  Fourcroy 
cording  to  their  form,  colour,  fize,  furface,  &c.  ;  makes  arc 
but  a  more  minute  inveftigation  of  their  component  tattoq, 
parts,  and  the  experiments  in  particular  of  Fourcrov  and 
Vauquelin,  have  induced  the  firft  of  thefe  chemifts  to 
form  them  into  12  fpecies.  On  looking  over  the  feven 
different  matters  which  confiitute  human  urinary  calculi, 
and  feeing  the  conftancy  by  which  each  is  accompanied 
by  an  animal  fubttance,  it  appears  there  is  not  one  of  them 
that  is  formed  entirely  of  one  fpecies  of  matter;  and 
the  animal  fubflance  exifts  in  all,  and  forms  almoft  al- 
ways it's  gluten;  befides,  as  it  has  not  fuch  influence 
as  to  give  them  any  fenfible  variety  in  their  properties, 
Fourcroy  has  not  included  it  in  his  claffifi cation.  After 
having  analyzed  more  than  600  human  urinary  calculi, 
and  marked  the  facls  this  analyfis  afforded,  he  has  dif- 
tinguiihed  them  into  three  genera,  lft.  Thofe  formed 
only  of  one  fubftance,  befides  the  animal  matter  which 
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unites  their  particles.  2d.  Thofe  compofed  of  two  cal- 
culous fubftances.  3d.  Thofe  containing  more  than  two 
different  fubftances,  and  often  even  four.  Thefe  three 
genera  are  divided  into  12  fpecies.  Of  thefe  three  alone 
belong  to  the  flrft  genus. 
;  1.  The  flrft  fpecies  are  thofe  compofed  of  uric  acid. 

2.  The  fecond  of  urat  of  ammonia. 

3.  The  third  of  oxalatof  lime.  Neither  the  phofphat 
of  lime,  nor  the  phofphat  of  ammoniaco-magnefia,  nor 
filex,  has  been  vet  found  alone. 

There  are  feven  fpecies  in  the  fecond  genus,  i.  e. 
among  thofe  calculi  formed  of  two  calculous  fubftances 
befides  the  animal  matter,  which  matter  renders  them 
ternary  mixtures,  as  it  rendered  the  flrft  binary.  Thefe 
feven  fpecies  are  as  follows  : 

4.  The  flrft  contains  uric  acid  and  earthy  phofphats  in 
very  diftincl  ftrata> 

5.  The  fecond,  uric  acid  and  earthy  phofphats  inti- 
mately mixed  together. 

6.  The  third,  urat  of  ammonia  and  phofphats  in  dif- 
tincl ftrata. 

7.  The  fourth.  The  two  preceding  materials  inti- 
mately mixed. 

8.  The  fifth.  Earthy  phofphats  mixed  together  either 
intimately  or  in  their  ftrata. 

Q.  The  fixth.  Oxalat  of  lime  and  uric  acid  in  dif- 
tincl ftrata. 

10.  The  feventh.  Oxalat  of  lime  and  earthy  phof- 
phats in  diftincl  ftrata. 

Laftly.  The  two  laft  fpecies  form  the  third  genus,  or 
thofe  calculi  containing  three  or  four  calculous  fub- 
ftances,  viz. 

11.  The  flrft  contains  uric  acid  or  urat  of  ammonia, 
earthy-phofphats  and  oxalat  of  lime. 

12.  The  fecond.     Uric  acid,  ammoniacal  urat,  earthy 
;.)fphat,s  and  filex. 


COjSXRETIONS.  327 

Such  is  the  claffification  which  this  chemift  has 
formed  of  the  various  human  urinary  calculi,  for  a  more, 
detailed  account  of  which,  the  reader  is  di reeled  to  his 
Syjieme  des  Connaijjanccs  Chbniques,  &c.  which  has  lately- 
been  publifhed. 

Calculus  of  a  pig.  This  was  found  in  the  bladder  of  a  Berthaldi. 
pig,  after  having  been  killed  by  the  butcher.  It's  weight 
was  rather  more  than  three  decigrams,  it's  fpecific  gra-  Calculus  «>f 
vity  to  that  of  diftilled  water,  as  19,300  to  10,000.  It'sthep,g' 
form  was  an  oblong  oval ;  it's  furface  fmooth,  without 
any  depreffion,  and  of  a  white  colour;  it  was  pretty  ten* 
der,  and  gave  way  to  the  knife.  When  divided  in  the 
middle,  the  external  ftratum  was  very  thin  and  furronnded 
it  on  all  parts,  but  was  much  thicker  towards  the  extre- 
mities of  it's  great  diameter,  than  towards  that  of  it'sfmall 
one,  without  (bowing  any  determinate  cryftallization; 
under  this  firft  ftratum  was  a  light  yellowim  zone,  be- 
neath which  fome  beautiful  cryftals  of  a  perfect  whitenefs 
were  feen,  in  the  form  of  needles,  converging  from  the 
circumference  to  the  centre.  On  analylis,  this  calculus 
appeared  to  confift  of  phofphat  of  lime,  but  from  the 
fmallnefs  of  the  quantity,  Bertholdi  was  incapable  of 
determining  exactly  the  proportion  of  it's  constituent 
parts. 

Calculus  renalis.  The  kidneys,  like  the  bladder,  are  very 
fubject  to  be  the  feat  of  calculi,  and  as  they  are  perhaps 
the  mod  expofed  of  any  part  of  the  body  to  that  morbid 
affection  under  which  concretions  are  found,  they  ought 
to  be  confidered  as  the  fource  from  which  the  vefical  cal- 
culus takes  it's  origin.  Indeed,  if  the  kidneys  be  confi- 
dered as  the  natural  filters  of  the  urine,  it  may  feem 
fomewhat  extraordinary,  that  fuch  concretions  do  not 
take  place  much  oflener  than  they  do.  1  he  human 
frame  is  very  fubjedt  to  this  difeafe.  When  thefe  renal 
calculi  are  final],  they  are  forced  from  the  kidneys  by  the 
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urine,  dcfcend  by  the  ureters,  and  are  evacuated  under 
the  form  and  name  of  gravel.  When  of'  a  larger  fizc, 
they  prefs  again  ft  and  wound  the  canals  through  which 
they  pafs,  giving  rife  to  nephritic  pains,  voiding  of  blood, 
&c.  Often  after  having  been  forced  into  the  bladder, 
and  their  fize  preventing  them  from  paffing  through  the 
urethra,  they  become  the  nucleus  of  the  vefical  calculus, 
which  can  only  be  extricated  by  the  operation  of  litho- 
tomy. 

Sometimes  they  remain  in  the  kidneys,  increafe  in 
fize,  by  degrees,  from  a  fuccefiive  addition  of  feveral 
ftrata,  and  become  fo  large  as  to  occupy  all  the  canals 
through  which  the  urine  is  conveyed  from  this-glandular 
vifcus.  In  thefe  cafes  the  renal  calculus  affumes  the 
ramified  form  of  the  internal  {tructure  of  the  kidnev, 
the  confequences  of  which  are  very  long  difeafes,  without 
remedy,  very  acute  and  repeated  pains,  ifchuries,  dy- 
furies,  and  evacuations  of  blood  and  pus,  by  the  urethra. 
By  degrees,  the  fubftance  of  the  kidney  is  corroded  and 
deftroyed  by  the  preflure  and  continual  irritation  of  thefe 
fubftances,  and  at  laft  nothing  remains  but  a  membrane 
or  fort  of  bag  full  of  pus,  and  enclosing  the  calculus. 
This  dreadful  difeafe,  which  is  not  very  rare,  fometimes 
continues  many  years;  it  even  fometimes  is  prefent  with- 
out any  of  thofe  fymptoms  which  characterize  it's  ex- 
i Hence  :  thus  the  works  of^inatomifts,  and  particularly  of 
Morgagni,  give  the  hiflories  of  feveral  bodies,  which, 
on  difTeclion,  have  fliown  the  deftruct-ion  of  one  of  the 
kidneys,  and  the  prefence  of  a  calculus,  without  the  pre- 
vious fymptoms,  though  very  fevere,  having  led  to  a 
knowledge  of  the  caufe. 

The  renal  calculus  of  the  human  fpecies  is  of  the  fame 
Fouraoy.  nature  as  the  ftone  of  the  bladder,  according  to  Fourcroy, 
Human  :•'- wno  having  examined  feveral,  found  them  compofed 
n.d calculus.  Q£  jj^  concrete  lithic  acid.     They  arc  always  perforated^ 
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and  full  of  cavities,  in  which,  as  well  as  on  their  furface, 
regular  finning  cryftals  of  the  phofphats  of  foda  and  of 
ammonia  are  often  found  ;  and  to  examine  them,  it  is 
only  neceffary  to  deep  them  a  few  hours  in  water,  during 
which  the  cryftals  difappear,  and  their  nature  is  difcovered 
by  examining  the  fplution. 

Animals  as  well  as  men  arc  fubjeet  to  renal  calculi. 
Morand,  junior,  has  even  difcovered  that  rats  have  very 
frequently  numerous  concretions  in  their  kidneys,  al- 
though he  appears  not  to  have  examined  them.  A  com- 
parative analyfis,  however,  between  the  human  and  ani- 
mal renal  calculus,  might  throw  great  light  on  the  fub- 
jeet, fiucc  the  nature  of  the  calculi  has  great  relation  to 
the  urine,  which  differs  in  various  clafles.  The  lingular 
properties  of  the  urine  of  the  horfe  are  well  known. 
This,  which  is  much  mere  charged  with  matter  than  the 
human,  becomes  turbid  the  in  (taut  it  is  evacuated.  The 
powdering  matter  which  falls  down  is  found  to  be  for  the 
mod  part  chalk,  whilft  the  precipitation  from  human 
urine,  particularly  towards  the  termination  of  certain 
difeafes,  is  the  lithic  acid  ;  and  it  appears  from  the  expe- 
riments of  Fourcroy,  that  the  nature  of  the  renal  calcu«r 
lus  of  the  horfe  anfwers  to  that  of  the  urine  of  that 
animal. 

The  form  of  this  calculus  was  exactly  that  of  the  kid-  Renal  cai- 
ney,  the  place  of  which  it  occupied,  and  it's  extremities  jj"Jj£  ,  the 
were  terminated  by  vegetations  refembling  the  cauliflower. 
It  was  of  a  brown  colour  on  it's  furface,  and  appeared  co- 
vered with  an  infinity  of  fmall  mining  plates  refembling 
fragments  of  fand,  that  reflected  the  rays  of  light.  On 
it's  edges  were  feveral  unequal  cavities.  Almoft  all  it's 
furface  was  mammellated,  and  in  fome  places  were  por- 
tions of  membranes.  Great  difficulty  arofe  on  cutting  it, 
from  it's  hardnefs,  but  when  the  inurnment  had  got 
three  or  four  lines,  it  palled  eafily;  this  arofe  from  the 
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denfityof  the  exterior,  whilft  the  middle  was  formed  of 
very  porous  and  tender  flrata.  It  weighed  15  ounces  five 
drachms  36  grains.  It  appears,  from  it's  analyfis,  that 
one  quintal  of  it  was  compofed  of  68  parts  of  the  carbo- 
uat  of  lime,  and  22  of  the  phofphat  of  lime,  both  of 
them  earthy  infoluble  falts.  This  difference  between  the 
nature  of  the  calculus  of  the  horfe  and  that  of  man,  is 
not  extraordinary,  after  the  proof  of  the  exigence  of  the 
carbonat  of  lime  in  the  urine  of  that  animal. 

It's  formation,    according    to    Fourcroy,    is  perhaps, 
more  frequent  in  fuch  animals  than  is  generally  believed, 
as  appears  from  the  facility  with  which  thefe  matters  are 
depofited  from  their  urines.     Another  ifolated  fact   was 
made  by  this  chemift,  from  the  examination  of  the  re- 
Of  a  cat.     nal  calculus  of  a  cat.     It  had  been  caftrated  when  young ; 
it's  renal  capfules  were  found  perfectly  indurated,  and  as 
it  were  petrified  ;  they  appeared  to  the  touch  like  pieces  of 
ftone,  and  the  fame  grating  fharp  noife  was  heard  on  cut- 
ting them  with  a  knife.     They  were  of  a  whitifh  colour, 
and  globular  grains  were  eafily  diftinguifhed,  uniting  by 
a  very  thin  cellular  texture.     Between   the  largeft    and 
moll  diftant  grains,  the  cavities  were  filled  with  a  thickim 
ruddy  humour.     Thefe  glands  being  detached  and  boiled 
in  a  folution  of  potafh,  to  feparate  the  cellular  texture, 
after  which  nothing  remained  but  a  number  of  fmall 
hard  grains  of  different  fizes,  and  detached  from   each 
other,  were  found  (after  a  few  had  been  expofed  to  live 
coals  to  {how  they  contained  no  more  combufiible  ani- 
mal matter,  by  their  not  blackening)  to  contain  two  infi- 
pid  and  infoluble  calcareous  falts,  viz.  the  carbonat,  and 
phofphat  of  lime ;  the  firfl  made  about  |  of  the  whole 
mafs ;  the  fecond  nearly  the  remaining  quarter.     This 
confirms  the  opinion,  that  thefe  capfules  are  only  necef- 
fary   in   the  former  part- of  the  life  of  animals,  and  in 
iiduhs  are  no  longer  of  ufe. 


CONCRETIONS.  331 

Calculus  arthriticus.  The  cretaceous  looking  fubftance 
which  fometimes  appears  in  the  articulations  of  gouty 
patients,  and  which  Severinus  had  feen  of  the  fize  of  an 
egg>  was  originally  conlidered  to  be  nothing  more  than 
chalk,  from  it's  great  external  refemblance  to  that  earth ;  confidercd 
but  late  experiments  have  fhown  how  little  the  nature  of  asclulk- 
fubftances  are  to  be  truly  judged  of  by  their  exterior 
appearance,  unlefs  when  accompanied  by  chemical  ana- 
lysis. 

It  was  fuppofed  by  Sydenham,  Cheyne,  Murray,  and 
feveral  other  celebrated  phyficians,  that  it  was  analogous 
to  the  matter  of  the  calculus  of  the  bladder;  but  no 
analyfis  confirmed  their  fufpicions  ;  and  according  to 
Van  Swietcn,  it  never  acquires  the  hardnefs  of  the  cal- 
culus, even  after  a  prefervation  of  twenty  years;  and 
Schenkius  affirms  that  this  pulverized  tufa  formed  a  folid 
body  with  water,  like  gypfum. 

The  experiments  made  upon  it  by  Pinelli  are  worthy  pineili. 
of  attention.  He  treated  three  ounces  of  this  arthritic 
tufa  in  a  retort,  and  obtained  fome  volatile  alkali  with  a 
few  drops  of  oil,  the  refiduum  weighed  two  drachms; 
this  fubftance  was  tried  in  fpirits  of  hartfhorn,  in  urine, 
and  in  fal  ammoniac,  but  was  found  to  remain  infoluble 
in  them  ;  on  the  contrary,  it  was  perfectly  ditTolved  in  the 
vitriolic  and  muriatic  acids,  and  even  in  diftiiled  vinegar. 
With  refpect  to  it's  infolubility  in  acids,  Dr.  Cullen  has 
lince  aflerted,  that  it  is  '  very  entirely'  fo ;  but  Wollaf- 
ton  found,  that  only  the  nitrous  acid  had  that  power. 

Caietan  Tacconi,  in  order  to  determine  by  more- exact  Tacconi. 
experiments  the  queftion  which  was  much  difcuffed  in 
his  time,  whether  the  principle  of  the  gout  was  acid  or 
alkaline,  chemically  examined  the  fynovial  liquor  of 
gouty  patients  ;  and  having  obferved,  that  it  was  equally 
coagulated  by  acids  and  alkalis,  concluded,  that  this  dif- 
eafe    might  originate    from    both    caufes,    which,  ac- 
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cording  to  him,  ought  to  conciliate  the  obiervations  or 
authors,  and  direct  them  in  the  cure  of  it.  However  in- 
conclusive  might  be  his  labours  on  this  fubftance,  there  is 
one  remarkable  fa&  he  mentions,  viz.  that  from  fome,  it 
reddened  the  fyrup  of  violets,  whilft  that  taken  from 
others  changed  it  to  a  green  colour,* 

Rowing.  It  has  alfo  been  confidercd   to  be  the  earth  of  bones ; 

and  in  the  Memoirs  of  the  Academy  of  Stockholm,  for 
1/83,  there  is  an  obfervation  of  Roering,  dating,  that  fome 
concretions  expectorated  by  an  old  man  fubjecl:  to  arthri  - 
tic  paroxyfnis,  were  found  to  be  of  an  offeous  nature,  or 
compofed  of  phofphoric  calcareous  fait. 

Watfon.  Watfon,    in    the    Medical   Communications  of   London, 

vol.  i.  1781,  examined  this  fubftance,  in  order  to  fee 
whether  it  was  fimilar  to  the  vefical  calculus,  as  had  been 
represented  ;  but  having  made  fome  experiments  on  fome 
that  was  taken  from  a  gouty  patient  during  diffe£f.ion,  he 
concludes  that  it  is  very  different  from  the  matter  of  the 
urinary  calculus,  beeaufe  it  is  foluble  in  fynovia,  and 
mixes  readily  with  oil  and   water,  which  is  not  the  cafe 

Merveau  with  the  urinarv  calculus.  Morveau  is  of  opinion,  like- 
wife,  that  it  is  very  different,  but  he  grounds  his  opinion 
only  upon  certain  experiments  made  by  Schenkius,  Pi- 
nelli,  and  Whytt,  which  are  far  from  poffefling  the  accu- 
racy required  to  clear  up  the  matter. 

The  obfervations  of  Boerhaave,  Hoffman,  Springs- 
field,  Alfton,  and  Leger,  on  the  good  effecls  of  alkaline 
water,  foap,  and  lime  waters,  in  the  cure  of  arthritic  and 
calculus  affections,  appear  to  Fourcroy  more  proper  to 
afcertain  the  exiftence  of  an  analogy  between  thefe  two 
kinds  of  concretions,  than- the  former  are  capable  of  dif- 
proving  it.  But  as  Morveau  obferves,  experience  alone  is 
fufficient  to  decide  the  queflion,  and  this  has  lately  been 
aecomplifhed  by  Dr.  Wollafton. 
At  the  time  this  chemift  made  his  experiments,  the 


Four- 
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prevailing  opinion  was,  that  the  c;outy  matter  confifts  of  Supp  ,fed  to 
°  !  .   r    .,  be  thelitklc 

lithic  acid,  or  matter  of  the  calculus  defenbed  by  Scheele.  acid. 

But  this  idea  was  not  founded  on  any  direct  experiments, 
nor,  perhaps,  more  ably  fuppotted  than  by  Forbes,  who 
defended  it  folely  by  pathological  arguments  from  the 
hiftory  of  the  difeafe.  Had  he  undertaken  an  examina- 
tion of  the   fubftance  itfelf,  he  would  have  found,  that  ,vr         . 

?  y  Dili  overed 

inftead   of  a  mere  concrete  acid,  the   gouty  matter  is  a  byDr.Woi- 
neutral   compound,  confiding  of  lithic  acid  and  mineral  lUbiat'of  ■ 
alkali,  wljich  is  proved  by  the  following  experiments  : 

1.  If  a  fm all  quantity  of  diluted  vitriolic  acid  be 
poured  upon  the  chalk-ftone,  part  of  the  alkali  is  ex- 
tracted, and  cryftals  of  Glauber's  fait  may  be  obtained 
from  the  folution.  Common  fait  may  be  more  eafily 
procured  by  marine  acid.  The  addition  of  more  acid 
will  extract  the  whole  of  the  alkali,  leaving  a  large  pro- 
portion of  the  chalk-ftone  undiflblved;  which  exhibits 
the  following  characterise  properties  of  lithic  matter. 

a.  By  diftillation,  it  yields  a  little  volatile  alkali,  pruffic 
acid,  and  an  acid  fublimate,  having  the  fame  cryftalline 
form  as  the  fublimate  obferved  by  Scheele. 

b.  Diflblved  in  a  fmall  quantity  of  diluted  nitrous  acid, 
it  tinges  the  fkin  of  a  role  colour,  and  when  evaporated, 
leaves  a  rofe-coloured  deliquefcent  refiduum. 

c.  It  diflblves  readily  in  cauftic  vegetable  alkali, 
and  may  be  precipitated  from  it  by  any  acid,  and  alfo  by 
mild  volatile  alkali;  fnft  as  a  jelly,  and  then  breaking 
down  into  a  white  powder. 

2.  In  diftillation  of  the  chalk-ftone,  the  lithic  acid  is 
decompofed,  and  yields  the  ulual  products  of  animal  fub- 
ftances,  viz.  a  fetid  alkaline  liquor,  volatile  alkali,  and  a 
heavy  fetid  oil,  leaving  a-  fpungy  coal,  which,  when  burned 
in  the  open  air,  fufes  into  a  white  fait,  that  does  not 
ileliquefce,  but  diflblves  entirely  in  water,  is  alkaline,  ami 
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when   faturated    with   nitrous   acid,    gives    rhomboidal 
cry  Ms. 

Thofe  chara&criflic  properties  prove  it  to  be  mineral 
alkali. 

3.  Cauflic  vegetable  alkali  poured  upon  the  chalk- 
ftone,  and  warmed,  diflblves  the  whole  without  emitting 
any  Cm  el  I  of  volatile  alkali.  From  which  it  appears, 
that  the  volatile  alkali  obtained  bv  diftillation  is  a 
product  arifing  from  a  new  arrangement  of  elements, 
not  fo  combined  in  the  fubftance  itfelf. 

4.  Water  aided  by  a.  boiling  heat  diffolves  a  very 
fmall  proportion  of  the  goaty  concretion,  and  retains  it 
when  cold.  The  lithic  acid  thus  diffolved  in  combi- 
nation with  the  alkali,  is  rather  more  than  would  be 
diffolved  alone;  fo  that  by  addition  of  marine  acid  it 
maybe  feparated.  While  the  folution  continues  warm 
no  precipitate  is  formed  ;  but  as  it  cools,  the  lithic  acid 
cryftallizes  on  the  fides  of  the  veffel,  in  the  fame  manner 
as  the  cryftals  called  red  fand  do,  when  an  acid  is  added 
to  recent  urine. 

The  gouty  concrete  may  be  eafily  formed  by  uniting 
the  ingredients  of  which  this  chemift  has  found  it  to 
confift. 

5.  If  a  fragment  of  lithic  acid  be  triturated  with  feme 
mineral  alkali  and  a  little  warm  water,  they  unite,  and 
after  the  fuperfluous  alkali  has  been  warned  out,  the 
remainder  has  every  chemical  property  of  gouty  matter. 

The  acid  will  not  fublime  from  it,  but  is  decompofed 
(2.)  by  heat.  The  alkali  may  be  extracted  by  the  vitriolic 
or  marine  (1.),  or  indeed  by  mod  acids.  The  compound 
requires  a  large  quantity  of  water  for  it's  folution  (4.)  ; 
and  while  warm  the  folution  yields  no  precipitate  by  the 
addition  of  an  acid  ;  but  upon  it's  cooling  the  lithic 
cryftals  form  as  in  the  preceding  experiment. 

In  each  cafe  the  cryftals  are  too  fmall  for  accurate  ex- 
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animation,  but  this  chemifthas  obferved,  that  by  mixing 
a  few  drops  of  cauftic  vegetable  alkali  with  the  folution 
previous  to  the  decompofition,  they  may  be  rendered 
fomewhat  larger.  At  the  firft  precipitation,  the  cryftals 
from  gouty  matter  were  not  limilar  to  thofe  of  lithic  acid, 
but  by  rediffolving  the  precipitate  in  water  with  the 
addition  of  a  little  cauftic  vegetable  alkali,  and  decom- 
tg  the  folution  as  before,  while  hot,  the  crvftals  ob- 
tained were  perfectly  fimilar  to  thofe  of  lithic  acid  pro- 
cured by  the  fame  means. 

Such  are  the  elfential  ingredients  of  the  gouty  concre- 
tion ;  and  although  perhaps  in  large  maiTes,  fome  portion 
of  common  animal  fibre  or  fluid  may  be  found  inter- 
mixed, the  heterogeneous  matter  is  in  too  fmall  propor- 
tion to  invalidate  the  general  refult  that  (  gouty  matter 
is  lithiated  foda.5 

The  knowledge  of  this  compound  may  lead  to  a  fur- 
ther trial  of  the  alkalis,  which  have  been  obferved  by 
Dr.  Culien  to  be  apparently  efficacious  in  preventing  the 
returns  of  this  difeafe  (Firft  Lines,  dlviii.)  :  and  may 
induce  us,  when  correcting  the  acidity  to  which  gouty 
perfons  are  frequently  fubjecl,  to  employ  the  fixed  alka- 
lis, which  are  either  of  them  capable  of  diffolving  gouty 
matter,  in  preference  to  the  earths  (termed  abforbent) 
which  can  have  no  fuch  beneficial  effect. 

Calculus  pinealis.  It  is  well  known,  that  nothing  is 
more  common  than  to  find  feveral  fmall  (rones  or  con- 
cretions in  the  pineal  gland  of  the  brain;  both  in  the  hu- 
man and  that  of- quadrupeds  ;  but  either  on  account  of 
their  fmallnefs  and  the  difficulty  of  procuring  a  certain 
quantity,  or  the  little  account  of  the  utility  of  the  in- 
vestigation, nothing  has  been  attempted  until  Dr.  Wol-  \^/jn. 
lafton,  from  the  delicacy  of  the  tefl  of  neutral  phofpho- 
rated  lime,  which  it's  cryftallization  from  marine  acid 
afforded,  was  enabled  to  detect  it  in  it's  fmalleft  quantity, 
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and  by  this  he  found  that  it  formed  the  balls  of  the 
'  particles  of  fand  to  be  felt  in  this  gland;  for  after  they 
were  calcined  they  cryftallized  perfectly  from  marine 
acid.  But  he  is  of  opinion  that  this  hnd,  which  from 
it's  frequency  fcarccly  merits  the  name  of  difeafe,  or 
when  amounting  to  a  difeafe,  is  mo  ft  certainly  not 
known  by  it's  fymptoms,  would  at  the  fame  time,  if 
known,  be  wholly  out  of  the  reach  of  any  remedy. 

Calculus  pro  flatus.  The  calculus  of  the  proftatc  gland, 
which  may  be  confidered,  as  well  as  the  vefieal,  to  be  a 
concretion  of  the  urinary  paffages,  has  alfo  been  examin- 
ed by  Dr.  Wollafton,  who  thought  it  merited  an  invefti- 
gation,  not  from  the  frequency  of  it's  occurrence,  but 
from  having  been  fuppofed  to  give  rife  to  ftone  hi  the 
bladder. 

It  appears  in  the  form  of  fmall  {tones  occafionally  iri 
this  gland,  and  thofe  which  this  chemift  hadan  oppor- 
tunity of  examining  were  from  the  fize  of  the  final  led 
pin's  head  to  that  of  pearl  barley,  in  colour  and  tranf-' 
parency  like  amber,  and  appeared  originally  to  have  been 
fpherical ;  but  from  contiguity  with  others,  fptne  had 
flattened  furfaccs,  fo  as  at  frrft  fight  to  appear  crvftallizcd, 

Thefe  were  found  to  be  phofphoratcd  lime  in  the  ftate 
of  neutralization,  tinged  with  the  fecretion  of  the  prof* 
tate  gland. 

■  i.  A  fmall  fragment  being  put  into  a  drop  of  marine 
acid,  on  a  piece  of  glafs  over  a  candle,  was  foon  diffolved  ; 
and  upon  evaporation  of  the  acid,  cryftallized  in  nee- 
dles, making  angles  of  about  60°  and  120J  with  each 
other. 

Wafer  dropped  on  the  cryftals  would  diflblve  no  part 
of  them  ;  but  in  marine  acid  they  would  rediftblve  and 
might  be  recrvftallized. 

W,  Vitriolic  acid  forms  fclenite  with  the  calcareous- 
earth. 
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3.  By  aid  of  nitrated  quickfilver,  phofphoric  acid  is 
readily  obtained. 

4.  When  heated,  this  calculus  decrepitates  ftrongly; 
it  next  emits  the  ufual  fmell  of  burnt  animal  fubftances, 
and  is  charred,  but  will  not  become  white  though  par- 
tially fufed.  It  ftill  is  foluble  in  marine  acid,  and  will 
in  that  ftate  cryftallize  more  perfectly  than  before. 
Hence  he  concludes,  that  thefe  ftones  are  tinged  with 
the  liquor  of  the  proftate  gland,  which  in  their  original 
ftate  (1.)  fomewhat  impedes  the  cryftallization.  This 
cryftallization  from  marine  acid  furniibed  the  before, 
mentioned  left. 

This  chemift  is  of  opinion,  that  the  calculi  of  the 
proftate  gland  are  too  rare  perhaps  to  have  been  ever  yet 
fufpetSted  in  the  living  body,  and  are  but  indirectly 
worthy  of  notice.  For  if  by  chance  one  of  them 
fhould  be  voided  with  the  urine,  a  knowledge  of  it's 
fource  would  guard  us  againft  an  error  we  might 
otherwife  fall  into,  of  jpropofing  the  ufual  folvents  for 
urinary  calculi. 

Dr.  Wollafton  has  alfo  met  with  neutral  phofphorated 
lime  in  a  very  pure  ftate  and  foft,  contained  in  a  cyft  un- 
der the  pleura  of  coftalis. 

Calculus  ftomaticus ,  or  bezoard.  In  the  human  fto- Caiculu* 
mach,  although,  ftony  calculi  in  ftrata  have  been  found,  ftomat,cu«» 
yet  it  is  very  rarely;  whilft  on  the  contrary,  in  that  of 
quadrupeds  it  is  not  uncommon  to  find  hairy  balls  ag- 
glutinated by  a  lymphatic  'juice;  and  there  is  a  fpecies 
cf  calculus  found  in  the  ftomach  of  fome,  called,  the 
bezoard,  which  is  in  high  eftimation. 

The  origin  of  the  name  bezoard  is  uncertain,  whether 
it  is  derived  from   pazan  or  pazar,  the  name  of  a  buck  }i>s  ct}'mo- 
in  the   Perfian  language,  or  beluzaar,  which  fignifies  an   ■ 
antidote  in   the  Hebrew,  or  Chaldean  language.     Dau- 

VOL.  II,  Z 
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benton  is  of  opinion,  that  the  name  was  only  given  to 
certain  concretions  found  in  the  bodies  of  fome  Afiatic 
animals,  perhaps  the  gazelle,  antelope,  or  goat  of  India, 
as  from  the  account  of  travellers  they  very  much  re  fern  - 
ble  them ;  it  is  however  very  certain,  that  the  animals 
are  of  that  clafs,  viz.  with  cloven  feet,  and  provided 
with  horns. 

After  the  difcovery  of  America,  the  name  of  bezoard 
was  alfo  given  to  the  concretions  found  in  the  animals 
of  that  part  of  the  world,  fuch  as  the  pard,  chamois,  or 
the  goat  of  Peru.      Bezoards  are  alfo  taken  from  the. 
porcupine,  wild  boar,  tortoife,  horfe,  mule,  dog,  caftor, 
ox,    rhinoceros,    elephant,    man,    &c.    and  are   of  all 
fizes. 
Difthiguifh-      Bezoards  are  diftinguifhed  by  the  names  of  oriental 
kind's!^**0  and  occidental,  from   the  parts  in  which  they  are  pro- 
cured -,  the  firft  is  the  moft  fcarce  and  of  much  greater 
value  than  the  other.     The  ordinary  bezoard  is  takeri- 
from  the  common  domeftic  goat. 
l. Oriental       The  oriental  bezoards  which  are  taken  from  a  fpecies 

bezoard. 

of  deer  in  Egypt,  Perlia,  China,  and  feveral  other  parts 

of  the  Eaft   Indies,   are  internally   and  externally  of  a 

brown  olive  colour,  generally  of  a   deep  hue,  and  even 

blackifh,  the  furface  mining  and  polifhed. 

2  Occirfcn-      The  occidental  bezoards   are  internally  of  a   vvhitim 
u\.  ... 

colour,  but  their  external  furface  is  not  fo  mining,  nor 

fo  polifhed  as  the  oriental.  The  furface  is  whitifh, 
mixed  with  yellow  or  black,  nioft  often  with  mining 
tinges,  which  appear  to  be  gilt  or  bronzed. 
Composition  Bezoards,  according  to  Bomare,  are  compofed  of 
concentric  flrata,  which  are  not  all  of  them  the  fame 
colour  or  thick nefs  ;  the  favour  is  urinous,  they  are  glu- 
tinous, and  tinge  (lightly  the  faliva.  At  the  centre  o.f 
the  bezoard,  fome  foreign  bodv  is  almoft  always  foundy 
fuch  as  flraw,  hair,  grains  ot  corn*  wood,  nuts,  &c;  and 
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thefe  bodies  have  ferved  as  a  nucleus  or  point  for  the 
formation  of  the  flrata.  Sometimes  they  rattle  on  mak- 
ing them,  which  is  produced  by  the  hard  body  in  the 
centre  having  been  detached. 

Great  fudoriflc  virtues  have  been  attributed  to  the  be-  Superflitk 
zoards,  efpecially  to  the  oriental,  and  they  were  believed  to  J^^8"  of 
be  an  antidote  againft  poifons.  Their  price  rofe  accord- 
ing to  their  fize,  and  from  their  high  value,  factitious 
ones  have  been  fubftituted,  and  thofe  compofitions  which 
go  by  the  name  of  pierres  de  Goa,  or  de  Malacca,  are 
falfe  bezoards. 

According  to  Bomare,  they  are  made  in  the  following  Method  of 
manner:  Lobfter's  claws,  and  oyfter  fhells  levigated  on  iheori«nu& 
porphyry  are  made  into  a  pafte  with  mufk  and  anlbergris, 
then  formed  into  balls  of  the  form  of  bezoards,  which 
are  afterwards  rolled  upon  gold  leaf.  Thofe  who  are  de- 
flrous  of  a  more  exact  imitation  do  not  gild  them.  This 
however  would  be  neceflary  to  imitate  thofe  of  the  ox, 
if  it  be  true  that  they  are  of  a  gold  colour,  and  of  a  me- 
tallic brilliancy,  when  the  fir  ft  ftrata  have  been  taken 
away.  Thefe  factitious  bezoards  are  diftinguifhed  by 
drawing  a  line  with  them  over  a  piece  of  paper  that  has 
been  rubbed  with  cerufe,  chalk,  or  lime  ;  if  the  trace 
becomes  of  a  greenifli  or  olive  yellow,  it  is  a  fign  of  it** 
being  natural ;  thofe  that  are  real,  imbibe  water  and 
alcohol,  render  them  turbid,  and  effervefce  with  acids. 

Of    all    the    bezoards,    the  pedra    del  porco   is    theyaiueoS 
dcareft.     It  is   fat  and  foapy  to  the  eye  and  touch,  of  a  lhe  rr2i 

VJ  J  .        ones. 

greenifli  or  yellowith  colour  ;  alfo  reddifh  or  blackim 
ones  are  found,  and  it  is  almoft  incredible  how  highly 
they  are  valued  in  Holland.  Bomare  faw  one  about  the 
fize  of  a  pigeon's  esg,  belonging  to  a  Tew,  at  Amfter- 
dam,  who  afked  G000  livres  for  it.  They  are  let  out 
both  in  Holland  and  Portug-al  at  a  ducat  a  dav  to  thofe 
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who  fancy  themfelves  attacked  by  contagion,  and  who 
think  they  are  preferved  from  it  by  carrying  them  as 
amulets  in  the  fame  manner  as  eagle  (lones  are  ufed  in 
Germany,  to  facilitate  difficult  labours,  the  load-done 
in  France  to  cure  a  fever,  or  the  jade  in  Spain,  to  pre- 
vent the  gravel.  Such  is  the  ftriking  portrait  in  thefe 
countries  of  the  fuperftition  and  folly  of  the  human 
mind. 

Bomare  looks  upon  the  bezoard  to  be  a  ftone  found 
in  various  parts  of  certain  animals,  as  the  ftomach,  fa- 
livary  canal,  interlines,  gall-bladder,  and  the  kidneys, 
from  which  it  appears  that  the  knowledge  of  this  natu- 
ral hiftorian  was  very  limited  with  refpect  to  this  cal- 
culus, and  that  it  only  was  extended  to  it's  medicinal 
ufe. 

The  obfervatlons  of  Daubenton  are  much  more  fatif- 
fa&ory,  more  particularly  thofe  which  he  has  given  of 
the  natural  hiftorical  part.  Having,  in  comparing  the 
fojjile  with  the  oriental  and  occidental  bezoards ,  defcribed 
the  formation  and  nature  of  the  firft,  he  proceeds  thus  to 
the  defcription  of  the  I  aft. 
Their  for-  All  animal  bezoards  are  compofed  of  concentric  ftra- 
ta,  fome  have,  at  their  centre,  a  foreign  body,  the  nu- 
cleus around  which  the  firft  ftratum  is  formed  ;  in  the 
oriental  various  fubftances  form  this  nucleus,  fuch  as 
marcafite,  talc,  flints,  gravel,  ftraw,  grafs,  wood,  feeds' 
of  plants,  cherry  ftones,  thofe  of  the  caffia,  tamarind, 
&c.  Thefe  different  fubftances,  and  principallv  the 
feeds  of  plants,  which  are  in  the  centre  of  the  oriental 
bezoards,  afford  reafon  to  believe  that  they  are  formed 
in  the  ftomach  or  inteftines  of  animals.  Their  nuclei, 
according  to  Daubenton,  fhow  the  impossibility  of  their 
being  formed  in  any  other  parts  of  the  body  from  their 
difficulty  of  penetrating  there:  on  the  contrary,  thofe 
fubftances  may  eafilv  enter   the  alimentary   canal   with 
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the  food  ;  and  this  hiflorian  has  found  in  the  paunch  of 
oxen,  after  direction,  great  numbers  of  gravel  ftones, 
which  might  have  become  the  nuclei  of  the  bezoard. 

Bontius  fays,  that  the  oriental  are  formed  in  the  bel- 
lies of  animals,  of  which  there  are  numbers  in  the  dif- 
ferent provinces  of  Perfia.  Ksempfer,  who  inquired  in 
Perfia  in  what  parts  they  are  found,  relates,  that  it  is  in 
the  pylorus  or  the  bottom  of  the  fourth  ftomach ;  that 
if  their  origin  is  not  there,  the  bezoard  at  leaft  remains 
fome  time  in  that  fituation,  where  it  increafes  in  iize,  and 
that  if  it  be  not  prevented  by  the  plaits  of  the  ftomach, 
it  pafles  through  the  inteftines,  and  is  excluded  with  the 
excrements;  but  ttiis  acount  is  without  proof,  no  ob- 
server having  as  yet  opened  an  animal  that  contained  thefe 
calculi,  fo  as  to  be  able  to  determine  their  fituation. 
Kaempfer  has  only  related  what  he  has  heard. 

The  obfervaticns  of  Daubcnton  on  the  formation  of 
thefe  calculi  induce  him  to  think  they  originate  in  the 
ftomach  and  inteftines.  He  has  remarked  on  the  Rentes 
molares  of  the  ruminating  tribes,  a  ftratum  of  blackifh 
fhining  matter,  of  an  external  brilliancy  refembling 
gilt  or  bronze,  and  in  thofe  places  where  this  matter  is 
thick,  it  covers  a  whitifh  tartar.  He  had  likewife  ob- 
ferved  a  fimilar  matter  on  many  occidental  bezoars,  and 
poflTeffing  the  fame  brilliant  gilt  hue,  and  this  ftratum  he 
thinks  could  onlv  proceed  from  the  herbs,  the  exprefled 
juices  of  which  became  attached  to  the  teeth  during  maf- 
tication,  and  from  a  fort  of  tartar  analogous  to  the  con- 
crete  juices  of  crude  vegetables  which  they  eat.  He 
thinks  there  is  no  doubt  but  that  the  fame  juices  which 
become  thick  and  hard  on  the  teeth,  do  the  fame  on  the 
external  furface  of  the  ftrata  of  thefe  bezoards  in  the  fto- 
mach and  inteftines,  ft  nee  the  gilt  and  bronze  are  fimilar 
on  both  bezoard  and  teeth.  The  oriental  bezoards  are 
without  thefe,  but  their  furface  is  as  fhining  as  the  mat- 
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ter  that  covers  the  teeth,  it  has  the  fame  ground  of  colour, 
and  their  fubftance  appears  to  have  a  great  relation  to  the 
concrete  juices  of  plants ;  the  ftrata  are  of  different  thick - 
nefs,  but  almoft  all  of  them  have  the  fame  polifli  on  their 
external  furface. 

The  form  of  this  calculus  depends  upon  it's  nucleus  ; 
they  are  generally  more  or  lefs  round  when  compofed  of 
a  fmall  number  of  ftrata ;  fome  are  oblong,  angular,  and 
very  irregular. 

When  a  bezoard  ceafes  to  acquire  new  ftrata,  the  more 
convex  parts  of  thofe  already  formed  become  worn, 
which  appear  then  like  an  agat-onyx,  but  lofe  nothing  of 
their  hardnefs  in  the  body  of  the  animal,  although  Kaemp- 
fer  afferts  that  it  is  neither  hard  norfolid  in  the  animal. 
He  appears  to  have  been  better  informed  when  he  attri- 
butes the  difference  of  formation  of  it  to  the  quality  of 
the  herbs  which  the  animal  takes  in  as  nourifhment;  for 
the  glutinous,  aromatic,  refinous  plants,  growing  upon 
the  elevated  parts  of  the  hot  countries,  mud  receive  from 
the  foil,  the  air,  the  action  of  the  fun,  juices  proper  to 
form  the  oriental  bezoards.  The  fubftance  of  the  body 
alfo  contributes  to  this,  fince  it  does  not  appear,  that 
every  fpecies  of  animal  produces  bezoards,  even  in  hot 
climates.  This  bronze  only  covers  the  ftrata  of  the  occi- 
dental, and  does  not  penetrate  their  internal  part,  or  at 
leaft  it  does  not  carry  with  it  it's  brown  colour  as  in  the 
oriental,  for  the  internal  fubftance  is  white  or  yellowifh  ; 
"the  cryftallization  of  this  occidental  bezoard  is  very  re- 
gular, for  if  one  of  the  ftrata  be  broken,  fmall  tranfver- 
fal  fhining  cryftals  appear,  which  are  found  to  be  cryf- 
tallized  needles  directed  from  within,  externally.  The 
Jargeft  extend  from  one  forface  to  the  other,  and  between 
them  are  fmallc.*,  appearing  like  branches  of  the  larger ; 
they  are  all  ranged  trartfverfely  in  fmall  whitifh  lines, 
placed  very  neat  each  other,  and  parallel  to  the  fides  of 
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the  ftrata ;  thofe  which  crofs  the  ftrata*  and  which  are 
themfelves  crofied  by  parallel  lines,  Daubenton  thinks, 
may  make  the  diftinguifhing  character  of  the  occidental, 
found  in  the  ftomachs  or  inteftines  of  ruminating  animals. 

Having  thus  given  the  principal  outlines  of  the  ideas  Fourcroy'« 
of  Daubenton,  refpecYing  the  formation  of  this  calculus,  them"1  °f 
there  remains  to  add  to  what  Fourcroy  has  given  us  on  this 
fubjedfc  fome  obfervations,  from  which  it  follows,  that, 
lft.  The  bezoard  is  only  found  in  abundance  in  ani- 
mals of  hot  climates,  thofe  which  inhabit  the  temperate 
zone  are  more  fubject  to  aegagropilae. 

2d.  It  is  only  in  the  ftomach  and  inteftines  of  frugivo- 
rous  or  herbivorous  animals  that  bezoards  are  met  with, 
the  carnivorous  clafs  being  exempt  from  them.  The 
conclufion,  however,  of  fome  authors  is  erroneous,  who 
think  they  are  always  to  be  looked  upon  as  the  refidua  of 
vegetable  nourifhmcnt. 

3d.  If,  according  to  this  idea,  more  virtues  are  attri- 
buted to  the  oriental,  on  account  of  the  herbs  that  grow 
on  the  mountains  of  Afia,  it  is  erroneous,  there  beino- 
plants  in  America  as  aromatic  and  fliarp  as  in  the  Indies, 
and  the  bezoards  confequently  ought  to  partake  of  their 
virtues, 

4th.  Inftead  of  looking  upon  them  as  the  refidua,  they 
ought  to  be  confidered  as  concretions  of  the  different  fa- 
line  fubftances  depofited,  and  more  or  lefs  cryftallized  in 
the  different  cavities  of  animal  bodies,  according  to  tbe 
nature,  properties  and  quantity  of  the  liquids  which  held 
them  in  folution. 

5th.  Bezoards  not  only  appear  to  differ  in  their  nature, 
according  to  the  fpecies  of  animals  that  produce  them, 
but  they  are  eflfentially  different  from  each  other  in  the 
fame  animal,  according  to  the  places  they  occupy.  The 
fame  takes  place  in  the  human  body;  the  calculi  found  in 
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the  gall  bladder  are  very  different  from  thofe  found  in  the 
kidneys  and  bladder. 

6th.  The  pretended  method  of  diftinguifhing  the  true 
from  the  falfe  bezoard  by  the  grenifh  trace  on  paper  co- 
vered with  cerufe  or  white  lead,  is  not  founded  on  facl; 
{he  falfe,  if  they  contain  only  animal  matter,  will  do  the 
fame,  as  it  arifes  from  the  fulphureous  hydrogen  gas  dif- 
engaged  by  the  putrid  fermentation. 

7th.  The  bezoard,  although  the  oriental  is  ufed  in 
medicine,  has  not  as  yet  been  chemically  examined  ;  the 
bezoards  of  vegetables  ought  likewife  to  be  more  attended 
to.  It  is  well  known  that  the  bamboo  often  contains  a 
concretion  called  tabameer  by  the  Arabs,  which  fe- 
veral  Englifli  have  found  to  be  compofed  almoft  entirely 
of  filex. 

Fourcroy  has  feen  in  the  cabinet  of  Juffieu,  white,  yel- 
lowifh,  or  milky  fpheroid  bezoards,  polifhed  on  their 
furface,  and  fimilar  to  ivory ;  he  was  told  they  were  pro- 
duced by  the  cocoa ;  but  nobody  has  yet  invefligated  the 
vegetable  bezoards,  a  great  deal  is  therefore  wanting  be- 
fore we  can  arrive  at  any  perfect  knowledge  of  thefe  ani- 
mal concretions. 
Dr.  Pear-        Dr.  Pearfon,  who  examined  one  of  the  oriental  fpecies, 

found  it  to  coniift  of,  vegetable  matter  only. 
Three  Calculus  irAcftinalh \  This  fpecies  of  concretion  is  found 

in  the  inteftinal  canal  of  both  man  and  bean1,  and  may 
be  diftinguifhed  into  two  kinds,  according  to  the  cavities 
in  which  it  is  formed.  The  firft  comprehends  thofe 
which,  having  been  formed  in  the  organs  or  vifcera-adja- 
cent  to  the  inteftinal  canal,  have  defcended  into  it  by 
means  of  duels  communicating  with  it. 

2d.  Thofe  immediately  formed  in  the  inteftines.  Be- 
fides  thefe  two,  perhaps  a  third  fort  may  be  admitted,  or 
thofe  which  after  having  been  in  the  adjacent  vifcera  and 
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,  depofited  in  the  inteftines,  have,  during  their  abode  there, 
been  covered  with  a  ftrata  of  concrete  matter  proceeding 
from  the  liquids  contained  in  the  inteftines. 

The  firft  are  almoft  the  only  concretions  found  in  the 
human  fubje&  j  they  are  almoft  all  of  them  biliary, 
which,  after  having  been  formed  in  the  gall  bladder,  de- 
scend by  the  ductus  coledochus,  where  they  remain  more 
or  lefs  time,  although  in  general  they  are  immediately 
carried  off  by  the  anus. 

The  fecond,  or  thofe  formed  by  the  induration  or 
cryftallization  of  the  juices  contained  in   the  inteftines,  * 

are  in  the  human  body  extremely  rare.  They  are  found 
not  uncommon  in  other  animals,  and  horfes  are  very 
fubjecl:  to  them. 

One  of  thefc  was  examined  by  Fourcroy  ;  it  was  found  Cal- int-  °f 
in  the  colon  of  a  horfe  that  had  died  of  the  gripes,  in  anafyfed  by 
the  year   1785  ;  it's  analyfis  prefents  fome  curious  facts.    FourC10^ 

It  was  of  a  gray  colour,  it's  external  fur  face  appeared 
to  be  formed  of  rays  diverging  from  the  centre  to  the 
circumference,  it's  form  was  pretty  regularly  round,  it's 
diameter  five  inches,  and  weight  five  pounds ;  when  cut 
in  two,  the  parts  that  formed  it  arofe  from  a  common 
point  the  centre,  diverging  every  way  fo  as  to  form  a 
fphere  of  eighteen  inches  in  circumference.  The  centre 
of  this  fphere  prefented  fome  cavities  in  which  were 
to  be  obferved  fragments  of  vegetable  matters,  hay, 
ftraw,  oats,  which  exhaled  the  odour  of  thefe  fubftances 
when  fomewhat  changed. 

It  was  infallible  in  cold  water,  even  when  reduced  to  a 
fine  powder. 

In  boiling  water,  this  powder,  however,  was  flightly 
foluble,  and  from  it's  analyfis  this  chemift  concludes, 
that  it  was  a  triple  fait  compofed  of  about  two  parts  of 
phofphat  of  magnefia,  one  part  of  phofphat  of  ammonia, 
and  ©ae  part  af  water.     In  accounting  for  the  formation 
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of  this  calculus,  he  conjectures  that  the  magnefia,  which 
is  fo  rarely  found  in  animal  matters,  might  have  been 
introduced  into  the  animal  when  adminiftered  as  a  re- 
medy in  fome  diforder,  and  by  meeting  with  the  phof- 
phoric  acid,  and  phofphat  of  ammonia,  gave  rife  to  this 
infoluble  triple  fait  which  formed  this  calculus  ;  for  this, 
however,  to  have  taken  place,  the  magnefia  mud  have 
remained  a  long  time  in  the  canal,  and  the  animal  rnuft 
have  been  a  long  time  without  rendering  his  excre- 
ments, 
ly  Barthol-  The  analyfis  of  Bartholdi,  upon  a  calculus  of  the  fame 
fpecies,  perfectly  agrees  with  that  made  by  Fourcroy. 
It  was  found  in  the  rectum  of  a  horfe,  and  an  account  of 
it  is  given  in  a  letter  to  Yauquelin.  He  fuppoies  it  to 
have  been  found  in  the  colon,  and  not  to  have  been  de- 
pofited  in  the  rectum  but  a  few  hours  before  it's  death. 
The  animal  belonged  to  a  miller,  and  died  of  the  gripes. 
It  weighed  about  thirty-one  ounces  and  half.  It's  form 
was  round,  oval,  depreffed  toward  it's  edges,  and  rather 
dented  on  one  fide. 

It's  fpecific  gravity  was  to  that  of  diflilled  water,  as 
16667  to  10000,  and  that  of  a  detached  portion  as  16700. 
It  was  of  a  brownifh  gray  colour ;  it's  diameter  in  length 
four  inches  two  lines,  and  in  breadth  three  inches.  Be- 
ing cut  in  two,  it  appeared  compofed  of  many  fpherical 
flrata,  between  the  firlr,  and  fecond  of  which  was  found 
an  interftice  of  one  line  in  breadth,  and  ten  long,  or  ra- 
ther in  circumference,  filled  with  bran  and  earthy  mat- 
ters. On  the  fame  fide  was  obferved  a  flight  dent.  Half 
being  again  divided,  the  principal  ftrata  appeared  to  the 
number  of  eight,  fome  of  which  were  compofed  of 
thinner  layers,  but  fo  well  united  as  not  to  be  feparated 
without  breaking  the  principal }  each  of  thefe  was  com- 
pofed of  fmall  cryftals  placed  vertically.  In  the  centre 
was  found  a  fmall  plate  of  iron,  very  thin,  and  about  two 
inches  in  circumference. 


CONCRETIONS.  34? 

It  was  completely  foluble  in  the  fulphuric,  nitric,  an  4 
muriatic  acids  ;  without  any  effervefcence,  likewife  in  dif- 
tilled  vinegar  at  the  common  temperature,  a  little  refi- 
duum  remained.  The  phofphoric  acid,  when  pure,  and 
prepared  by  a  (low  combuftion,  entirely  diflblved  it. 
Water  had  no  efFecl:  upon  it.  From  it's  analyfis,  it 
was  found  compofed  of 

0,   18  of  white  magnefia. 

0,  26  of  phofphoric  acid. 

0,  032  of  ammonia. 

0,  46  of  water. 

0,  04  of  animal  matter. 
This  chemift  obferves,  that   the  facility  with   which  Method  of 
the  acetous  acid  diflblves  it,  prefents  a  method  of  cure  bv  CL 
glyfters  of  vinegar,  which  at  leaft  are  harmlefs.     It  has 
been  faid  that  thefe  calculi  are  principally  found  in  horfes 
ufed  by  millers,  and  this  chemift  thinks  that  the  bran, 
as  a  food,  may  have  fome  effecl:  in  producing  them,  finee 
this  always   afforded  him  magnefia ;   but  whether   their 
formation  is  owing   to  this  fkin  of  corn,  or   other  grain, 
or  to  the  earthy  parts  detached  from  the  millflones  in 
the  act  of  grinding,  being  compofed  of  granite  that  con- 
tains white  magnefia,  has  not  as  yet  been  afcertained. 

Calculus  falivaris.  It  is  not  uncommon  to  find  hard 
ftony  concretions  in  the  falivary  glands,  particularly  in 
the  parotid  and  fublingual.  The  calculi  formed  in  the 
firft  glands  have  been  known  to  defcend  into  the  duel:, 
and  produce  a  fwelling,  an  abfeefs,  and  in  confequence, 
a  falivary  fiftula  5  whilft  thofe  in  the  fecond  glands  are 
faid  fometimes  to  form  abfeefles,  by  which  means  they 
ejeel:  themfelves.  The  authors  who  have  defcribed  thefe  Authors  on 
difeafes,  have  in  general  attributed  the  origin  of  the  cal-  the  fubJeft« 
culi  to  a  thickening  of  the  faliva,  or  the  coagulation  of 
this  animal  fluid,  as  feveral  have  expreffed  it. 
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Haller,  in  treating  of  the  nature  of  the  faliva,  admits 
with  Fauchard,  that  the  earthy  fediment  it  contains  is 
the  fource  of  the  crufl  of  the  teeth,  commonly  called  tar- 
tar; and  adds  that  the  fali vary  calculi,  which  he  attri- 
butes to  the  fame  matter,  arc  To  frequent  in  the  duct  of 
the  maxillary  gland,  that  it  would  be  difficult  to  find  in 
the  human  body  a  part  more  fubjecl:  to  calculi.  He  fup- 
ports  this  affertion  upon  the  teflimony  of  Severin,  Mei- 
bomius,  Hagedorus,  Eller,  Kramer,  Slevogt,  Walter, 
Van  Swieten,  and  Scherer,  the  laft  of  which  authors 
has  written  a  particular  difTertation  on  this  fubjecl:. 
Haller  has  feen  the  ranula,  a  diforder  which  confifls  in 
the  inflammation  and  confequent  abfeefs  of  the  neigh- 
bourhood^ the  iraenum  linguse,  produced  by  a  falivary 
calculus  in  the  duel,  and  cured  by  the  extraction  of  the 
calculus  ;  and  feveral  authors  give  accounts  of  the  pro- 
duction of  the  angina  from  the  fame  concretion.  Hip- 
pocrates, in  the  fecond  book  of  his  Epidemics,  had  al- 
ready made  mention  of  fmall  ftones  fituate  under  the 
tongue,  confequendy  falivary  calculi  muft  have  been 
known  to  him  ;  but  no  one  had  examined  their  nature, 
or  even  attempted  the  (lighteft  chemical  inveftigation  of 
their  properties,  until  Fourcroy,  on  making  fome  expe- 
riments upon  the  tartar  of  the  teeth,  found,  that  this 
folid  depofit  was  of  the  fame  nature  as  the  bafis  of  the 
by  Fourcroy  bones ;  and  this  has  lince  been  confirmed  by  Dr.  Wol- 
.ton.  ll"lafton,  who  informs  us  that  the  two  fpeciraens  of  this 
incruftation  which  he  examined,  confifted  of  phofphat 
of  lime,  with  a  very  fmall  excefs  of  the  earth.  It  appears 
that  the  bu man  falivary  calculus  is  the  only  one  that  has 
as  yet  been  analyfed,  and  there  remain  thofe  found  in 
the  glands  of  other  animals,  as  the  horfe,  ox,  fheep,  &c, 
before  any  thing  complete  can  be  looked  upon  on  the 
fubjecl:.  The  nature  of  thofe  in  the  amygdala  is  entirely 
unknown. 


Tartar  of 
the  teeth 
examined 


CONCRETIONS.  $49 

Calculus  mufctddrh.  Thefe  are  granular  concretion ?, 
angular,  or  irregular  in  their  form,  fituated  between  the 
flefhy  fafciculi ;  they  are  rarely  to  be  met  with,  and  ap- 
pear when  they  do  exift  to  be  in  confequence  of  arthri- 
tic difeafes  of  long  {landing;  but  they  are  fo  fcafce  that 
Fourcroy  was  not  able  to  procure  a  fingle  fpecimen.  Bef- 
fides  thefe  which  may  be  called  mufcular  calculi^  the  flefhy 
parts  are  liable  to  be  affected  by  offeous  concretions,  as 
is  often  the  cafe  in  old  animals,  when  the  extremities  of 
the  tendons  and  the  (ides  of  the  fanguiferous  vefills  be- 
come partakers  of  the  fame  difeafe. 

Thefe  o/Jlfications  have  been  examined  by  Dr.  Wollaf- 
ton,  who  found,  that  what  he  procured  from  the  arteries 
and  valves  of  the  heart  confifted  of  the  fame  principles 
as  the  earth  of  bones,  and  retained  in  like  manner  the 
redundant  calcareous  earth,  on  which  account  they  are 
very  properly  called  offifications.  This  chemift  looks 
upon  thofe  of  the  veins,  the  bronchia^,  and  of  the  tendi- 
nous portion  of  the  diaphragm,  to  have  the  fame  excefs, 
although  his  experiments  upon  them  were  made  too  long 
fince  to  fpeak  with  any  certainty. 

Calculus  pancreaticus.  Thefe  concretions  have  been 
found  in  the  human  pancreas,  and  are  faid  to  bear  a  o-reat 
refemblance  to  the  falivary  concretions. 

Calculus  pulmonarlus.  According  to  Fourcroy,  it  is  not 
uncommon  to  fee  patients,  after  a  cough  of  long  ftand- 
ing,  and  particularly  old  people  who  have  been  very  fub- 
j eel:  to  arthritic  affections,  expectorate  concretions,  from 
the  lungs  in  very  fmall  pieces;  and  fimilar  ones  are  found 
•  fometimes  in  the  lungs  of  thofe  who  have  died  in  confe- 
quence of  complaints  of  that  organ,  or  from  fcrofulous 
affections.  On  cutting  into  the  lungs,  they  are  eafily 
perceived  by  their  grating  noile  again  ft  the  knife. 

Calculus   uterinus.      Hard   concretions  have  alfo  been 
met  with  in  the  uterus,  which  arc:  looked  upon  as  real 
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calculi.  Thefc,  however,  have  no  relation,  nor  are  to 
be  confounded  with  thofe  irregular  manes  that  go  by  the 
name  of  falfe  conceptions. 

Haller's  Phyfiol. — Macquer's  Wcertcrbuch  von  Leon* 
bftrdif    article  Blafenftein.  —  Tyfchen's    Unterfuchung 
cines  Blafenfteins.  CrelPs  Annal.  t.  2.   17S6.-^-Scheele's 
Eflays. — Encyclopedic  Method. — J.  Hartenkeil,    prres. 
Cafp.   Siebold,  de  Vencae  urinae   Calculo.      Vincebur. 
1785. — On  Gouty  and  Urinary  Concretions,  by  Wm. 
Hyde  Wollafton,    M.  D.    F.  R.  S.   Philofoph.  Trans, 
p.  386.  part.  2.   1/97. — Experiments  and  Obfervations 
pn  the  Compofition  and  Properties  of  Urinary  Concre- 
tions, by  George  Pearfon,    M.  D.    F.  R.  S.  Philofoph. 
Trans,  p.  15.   p.  1.  1798. — Analyfe  de  Calculs,  par  A. 
F.  Fourcroy.  Annals  de    Chimie.    vol.    10,    p.    63.— 
Baillie's  Morbid  Anatomy.  —  Barthokli,  &c.   Ann.   de 
Chim.  v.  23,  p.  123. — Obfervations  fur   la  Nature  du 
Calcul  dela  Veflie,  par  le  Cit.  Brugnatelli,  ibid.  v.  28,  p. 
52. — Lettre  du  Cit.  Fourcroy  au  Cit.  Giobert.  ibid.  v. 
30,    p.  57. — Sur  PAnalyfe  des   Calculs  urinaires   hit- 
mains  par  tes  cit.    Fourcroy  and  Vauquelin,    Annal.   de 
Ch.  No.  95,  p.  213. — Sur  un  Calcul  urinaire  de  Cochon, 
&c.  par  le  cit.  Bartholdi,  ibid.  p.  185. 
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CALCULUS   BILIARIS,   BILIARY    CONCRE* 
TIONS,  OR  GALL  STONES. 

Th£se  are  light  inflammable  concretions,  found  in  the 
gall  bladder,  and  evacuated  along  with  the  faeces. 
They  are  produced  by  the  gall  in  a  difeafed  ftate  of  that 
excretion,  and  particularly  in  thofe  difeafes  which  fome 
phyficians  have  called  fpafmodic,  in  hyfteria,  and  melan- 
choly. Thefe,  by  detaining  the  gall  in  the  bladder,  are 
laid  to  give  rife  to  thefe  concretions.  They  likewife  are 
the  caufe  of  other  difeafes,  particularly  the  jaundice,  and 
appear  to  be,  with  refpccl  to  the  above  vifcus,  what  the 
vefical  calculus  is  to  the  bladder. 

The  lightnefs  and  inflammability  of  gall  flones,  have 
been  long  known.  Gliflbn,  Bianchi,  Hoffman,  and 
others,  have  defcribed  fome  of  their  varieties  and  proper- 
ties: but   the  firft  who  attempted  to  arrange  them  me-  Arranse* 

'  r  o  ment  into 

thodically,  was  Walther,  a  celebrated  anatomift  of  Ber-  ckffesb? 
lin  :  he  has  divided  them  into  three  clafles,  after  the  me-  vicq 
thod  of   naturalifts;   1.   lapilli    ftriati;  2.  lamellofi  •  3.  dAayr' 
corticati.     Vicq   d'Azyr  has  likewife  made   an  arrange- 
ment into  three  clafles.     In  the  firft,  he  has  placed  thofe 
biliary   calculi  formed   of  a    yellowim   bilious   matter^ 
whether  filamentous  or  not.     Tbe  ficond  contains  thofe 
compofed   of  a  more  or  lefs  mining   cryftalline  matter, 
with  or  without  a  covering  ;  and  in  the  third 9  he  puts  the 
mixed  calculi,  or  thofe  in  which  the  yellow  bilious  and 
cryflalline  fubftances  are  found  united. 

There  is  a  great  variety  in  the  externa] 'appearance  of 
gall  ft  ones,  as  they  not  only  differ  in  their  colour,  but  in 
their  fliape.  Some  are  of  a  white  colour,  others  black  \ 
fome  are  jrellowiih,  others  green  ifh,  and  others  are  of  a 
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light  brown,  a  dark  brown,  or  a  reddifli  browri  colour  j 
the  different  (hades  between  thefe  are  likewife  numerous, 
and  not  eaflly  to  be  exprefled.  With  refpc&  to  their 
fliape,  there  is  alfo  a  great  difference,  foine  being  very 
fmooth,  others  rough  and  tuberculated,  foine  are  round- 
ifh,  others  oblong,  and  angular.  They  alfo  differ  in  their 
ftruclure,  although  when  cut  or  broken,  they  are  gene- 
rally found  to  confifl  of  concentric  lamina  externally,  and 
in  the  centre  are  of  a  radiated  texture.  The  laminated 
part,  according  to  Baillje,  bears  fometimes  a  large  pro- 
portion to  the  other,  whilft  at  other  times  the  contrary 
occurs.  The  laminated  and  radiated  ftructures  are  fome- 
times compacl,  and  at  other  times  confift  of  a  loofe  mat- 
ter, whilft  it  occasionally  happens  that  both  thefe  ftruc^ 
tures  are  very  obfeure,  and  they  appear  to  be  a  very  uni- 
form folid  mafs.  The  laminated  part  likewife  on  the 
outride,  very  frequently  confifts  of  a  different  fubftance, 
in  appearance,  from  the  radiated  ftructure  in  the  centre, 
and  it  is  not  unufual,  as  Baillie  affirms,  to  find  the  frruc- 
'  ture  in  the  centre  to  confift  of  mining  white  cryftalli- 
fcations,  which  have  a  good  deal  the  appearance  of  fper- 
maceti. 

With  refpecl  to  their  tafte,  very  few^  according  to  the 
obfervations  of  the  above  author,  have  a  bitter  favour, 
which  is  a  reafon  he  thinks  that  they  do  not  confift  of 
infpiflated  bile  \  in  fome,  however,  he  found  the  favour 
intenfely  bitter. 

From  the  great  variety  of  appearance  which  thefe  cal- 
culi affume,  it  is  evident  the  difficulty  of  arranging  them 
into  any  method  muft  be  great;  but  Fourcroy,  to  whom 
we  are  indebted  for  the  beft  analyfis,*has  divided  them 
into  three  varieties. 
Divided  in-  lft.  Thofc  of  a  brown  or  blackifn  colour,  with  irregu- 
a"  lar  or  tuberculated   furfaces,   and  formed   as   it  were  of 


ritiies  by 
Fuurcroy. 


lumps. 
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2d.  Thofe  which  are  yellowifh  or  greenifli,  harder 
in  their  texture  than  the  laft,  formed  of  concentric  ftrata, 
and  often  covered  with  a  dry  uniform  cruft ;  the  fliane 
of  thefe  is  generally  angular  and  polyedrous. 

3.  The  laft  variety  comprehends  the  white  and  ovoid 
concretions,  which  are  more  or  lefs  irregular  ;  they  are 
covered  with  a  whitifh,  and  often  unequal  rind,  and 
formed,  as  it  were,  of  fpathic  ftrata,  or  tranfparent  crys- 
talline lamella?,  and  are  often  radiated  from  the  centre  to 
the  circumference. 

Befides  this  divifion  of  gall  ftones,  from  their  external 
and   internal   appearances,  he  has  likewife  diftlnguifhed 
them  according  to  their  chemical  analyfis,  or  the  propor- 
tion of  the  principles  of  which  they  are  formed,  into  two  And  into 
fpecies,  viz.   into  thofe  which  are  compofed  only  of  a  from  their 
fhining,  foliated,  cryftalline  fubftance  analagous  to  fper-  ana,yhs- 
maceti,  and  into  thofe  which  contain,  with  a  more  or  lefs 
quantity  of  this  cryftalline  fubftance  which  appears  to 
form  the  bafis  or  kernel,  a  thickened  bile  or  extract,  in 
the  midft  of  which  the   firft  fubftance  appears  to  have 
been  confufedly  cryflallized. 

Gall  ftones  are  fpecifically  lighter  than    water,    andsp.gr. 
fwim  upon  it's  furface  ;  fome,  however,  are  found  to  be 
fpecifically  heavier,    but   of  thefe   there   are  very   few. 
One  that  Gren  weighed  was   to  water  as   0,803  to  1000. 

Expofed  to  the  flame  of  a  candle,  they  melt  like  wax,  inflarama 
and  become  inflamed,  but  do  not  fmell  like  any  of  thofe  tl0n- 
animal  parts  that  afford   a  volatile  alkali  by  diftillation. 
Baillie,  however,  met  with  a  very  black  fpecies  that  did 
not  melt,  but  burned  exaelly  like  a  cinder. 

By  dry  diftillation  in  a  retort  to    which  a  pneumatic  Diftillatioo, 
apparatus  was  adapted,  we  are  informed  by  Gren,  that 
fome  hydrogen  and  carbonic  acid  gas  was  obtained,  and 
'a  yellowifh  empyreumatic  fluid  of  a  bitter  favour,   that 
fcarcely  reddened  the  tinclure  of  litmus,  did  not  precipi 
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tate  limewater  $•  and  on  the  addition  of  a  fixed  alkali,  vo- 
latile alkaline  fumes  were  extricated  :  there  arofe  likewife 
a  brownifh  empyrcumatic  oil.  Teichmeyer  received  a 
yellow,  then  a  red,  and  even  a  black  empyreumatic  oil. 
The  remaining  coal  Gren  found  to  amount  to  rs  of  the 
weight  of  the  gall  ftone  ;  it  was  of  a  fhining  appearance, 
of  a  blackifh  colour,  extremely  difficult  to  incinerate,  and 
being  diffblved  in  nitrous  acid,  was  found  to  be  phofphat 
of  lime. 

According  to  Haller,  very  few  {how  any  folubility  in 
water,  even  when  it  is  impregnated  with  fixed  air ; 
fome,  however,  as  Hildebrandt  obferves,  communicate 
a  bitternefs,  and  a  little  colour  to  the  water  in  which 
they  are  boiled,  although  no  folution  takes  place. 

According  to  Gren,  pure  vitriolic  acid,  when  concen- 
trated and  added  to  pulverized  gall  ftone,  became  very 
warm,  fulphureous  gas  arofe,  the  mixture  affumed  a 
dark  brown  colour,  and  on  repofing,  the  gall  ftone  fwam 
on  the  furface  in  a  fluid  ftate,  as  long  as  the  heat  lafted. 
On  being  ftirred,  there  was  no  folution,  but  in  a  few  days 
after  the  gall  appeared  like  a  black  refinous  coagulum,  ex- 
actly in  the  fame  manner  as  with  fat  vegetable  oils,  or 
animal  fat.  The  decanted  acid,  on  the  addition  of  much 
diftilled  water,  let  fall  a  gray  fiockv  matter,  fimilar  to  co- 
agulated lymph.  Delius  found  that  the  diluted  mineral 
acids  had  no  menftrual  effect  on  gall  ftone s,  yet  the  vitri- 
olic acid  as  well  as  the  muriatic  received  a  green  tinge. 
Baillie  found,  that  they  feparated  in  this  acid  into  a  fine 
black  powder,  efpecially  in  a  fand  heat.  According  to 
Hildebrandt,  they  detonate  with  nitre  very  ftrongly. 

The  concentrated  nitrous  acid  became  very  hot,  as 
Gren  informs  us,  on  the  addition  of  pulverized  gall  ftone, 
and  attacked  it,  which  gave  rife  to  a  large  quantity  of  ni- 
trous gas.  In  this  acid  fome  are  entirely  diffolveJ,  others 
not,  but  melt  to  a  yellow  oil,  which  fwims  on  the  furface 
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during  the  heat,  and  on  cooling  become  coagulated  to  a 
yellow  fubftance  like  wax.  The  decanted  acid,  Gren 
found,  on  adding  much  diftilled  water,  let  fall  the  dif- 
folved  albumen  in  the  ftate  of  flocks.  Hence  it  ap- 
pears, that  they  confift  of  a  coagulable  lymph,  and  a  fub- 
ftance  fimilar  to  wax.  Delius  found,  that  this  acid  be- 
came of  a  red  colour  on  their  addition  :  Hermbftadt,  that 
diluted  nitrous  acid  had  likewife  a  menftrual  effe&  on 
them  by  the  affiftance  of  heat,  and  afforded  faccharine 
acid ;  and  all  that  Baillie  examined  were  foluble  in  this 
acid. 

Gren  found,  that  by  the  ufe  of  concentrated  muriatic  Muriatic 
acid   the  flocks  feparated  the  beft;  whilft  Baillie  found, acid* 
that  they  are  but  little  effected  by   it  in  a  fand  heat. 
Limewater,  according  to  Whytt  ahd  Gren,  does  not  dif-  Limewater. 
folve  them. 

From  the  experiments  of  Delius,  it  appears,  they  are 
very  little  or  not  at  all  foluble  in  carbonated  alkalis ;  Aicalii. 
whilft  Hildebrandt   affirms,  that   the  lye  diffolves  moft 
of  them.     They  are  however,  eafily  diffolved  in  cauftic 
alkalis,  particularly  by  the  aid  of  heat. 

Neutral  falts,    as  well  as  foaps,   have  no  effect   upon  Neutral. 
them,  in   which  the  experiments  of  Conradi  agree  with 
thofe  of  Gren. 

All' oils,  whether  fat  or  sethereal,  as  they  have  been  oils, 
called,  and  particularly  the  oil  of  turpentine,  diffolves 
them  by  heat.  Baillie  found,  that  moft  gall  (tones  were 
fomewhat  foluble  in  the  oil  of  turpentine  at  the  heat  of 
the  atmofphere,  but  not  in  any  .confiderable  degree  3  and 
one  fpecies  he  found  infoluble;  fome  were  converted  into 
a  kind  of  oil,  that  funk  to  the  bottom  j  others  that  were 
partly  foluble  tinged  it  of  a  brown  colour,  and  were 
partly  feparated  into  a  powder. 

According  to  Baillie,  gall  flones  are  but  little  affeclad  Akohvl 
in   the  common  temperature  of  the  atmofphere  by  alco- 
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hoi,  but  arc  cither  partly  or  totally  foluble  in  it  at  a  boil- 
ing heat.  Gren  affirms,  they  are  not  diflblvctl  by  the 
higheft  rectified  fpirit  of  wine,  and  that  the  extraordinary 
appearance  the  gall  (lone  puts  on  in  alcohol  is  not  a  folu- 
tion,  as  many  chemifts  have  fuppofed.  For  inftancc,  if 
pulverized  gall  {lone  be  mixed  with  alcohol,  then  well 
fhaken,  and  digeited  in  a  moderate  heat,  it  will  be  found, 
on  repofe  and  becoming  cool,  to  have  formed  uncom- 
monly beautiful,  Alining,  fcaly  cryftals,  which  have  the 
appearance  of   fedative   fait.     According   to   Gren,  this 

The  pro-      matter,  which  Poulletier  de  la  Salle  took  for  a  fait,  is  no- 
du§ipn  of  a 

icaiy  eryf-   thing  but  uhdecompofed  gall  ftone,  the  parts  of  which  be- 

iubftaiice.     ing  melted  by  the  heat,  puts  on  this  beautiful  cryftallized 

appearance  ;  for  he  found  it  was  foluble  neither  in  alcohol 

nor  water,  nor  communicated  to  the  laft  the  leaft  trace  of 

an  acid  or  of  a  faline  nature. 

As  this  mining  fcaly  matter  foims  one  of    the  mod 

curious  parts  of  the  analyfis  of  gall  flones,  it  will  be  ne- 

cefiary  to  give  a  circumftantial  account  of  it's  difcovery 

Fiift  difco-  anc]  properties.     It  was  firftobferved,  I  -believe,  by  Con- 
vened by  .  .  .  . 
Co.n.radi.      radi,  who  extracted  it  by  means  of  dulcified  nitrous  acid  ; 

then  by  Poulletier,  by  means  of  alcohol  ;  and  is  found  by* 
Fourcroy  to  bear  a  great  refemblance  in  it's  properties  to 
fpermaceti. 
Poulletier.  Poulletier  having  examined  the  biliary  calculi  of  the 
fecond  varietv,  obfei;ved  they  were  foluble  in  alcohol. 
Having  digeited  them  with  good  fpirit  of  wine,  he  re- 
marked, that  after  a  certain  "time  this  liquor  was  filled 
with  very  delicate,  mining,  crvftalline  particles,  hav- 
ing all  the  appearance  of  a  Fait.  His  experiments  on  this 
fubftance  gave  him  rcafon  to  fuppofe,  that  it  was  an 
oily  fait,  analogous  in  fome  of  it's  properties  to  the  acid 
fait  called  the  flowers  of  benzoin  \  but  it  appears,  he  knew 
nothing  further  of  it's  nature.  This  fait  he  thought 
was  only  contained  in  the  human  gall  done,  as  he  was  not 
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able  to  find  it  in  that  of  the  ox.  This  very  lingular  cir- 
cumftance  merits  confirmation,  for  Fourcroy  and  Vau- 
quelin  have  found  a  fmall  quantity  of  lamellated  matter 
in  the  calculi  of  that  quadruped. 

The  difcovery  of  this  matter  has  elucidated  feveral  facts 
Vat  had   been  collected  by  the  Society  of  Medicine  at 
Pat"'  -•  the  calculi  of  the  gall-bladder.     This   fociety 
received  I.,,    .^  correfp0ndents  fume  of  thofe  of  the 
third  ciafs,  whicu  ^  nQ{  been  defcribecL     they  were 
maffes    of    tranfparent    ^rtalline  lamellae,  refembling 
mica  or  talc,  and  abfolutely  of  &i  fame  form  as  the  mat_ 
ter  ex  tracked  by  Poulletier.     It  appears,  that  \.W.  human   - 
bile  is  capable   of  furnilliing  a  great  quantity  of  ibefe 
cryftals,  as  the  fociety  has  in  it's  collection  a  gallbladder 
intirely   filled    with   this   tranfparent   faline   concretion. 
Fourcroy  informs  us,  that  he  received  from  Lepreux  and 
Halle,   two  bladders  full,  perfectly  fimilar,  from  which  Found  to  be 
examination  he  found,  thev  were  of  an  oily  nature,  ana-  fn^,o^r0::S 

J  to  fperma- 

logous  to  that  of  fpermaceti.  ceti  by 

'      '  .  .  .  Fourcroy, 

It  will  not  be  improper  to  give  a  general  view  of  the  andtoimsa 
'xperiments  that   led  Fourcroy  to  this   conclusion,  and  JwfcJ) 
iiay  be  found  more  in  detail  in  the  Third  Volume  of  the 
/males  de  Chlmie. 

ae  informs  us,  that  more  than  twenty  years  are  elapfed 
fiiip  the  late  Poulletier  de  la  Salle,  wi  thing  to  know  the 
nati-e  of  biliary  calculi,  and  determine  their  folubility 
in  a^ohol,  from  what  Senac  had  told  him  was  men- 
tioned by  Valifneri,  found,  that  thefc  concretions  depo- 
fited,  i  proportion  as  '  the  alcohol  difTolved  the  greatett 
portioiof  them,  a  foliated,  fhininor,  lamellated  fub- 
ftance,  retty  fimilar  to  the  boracic  acid.  He  was  defi- 
rous  of  oarating  thefe  cryftalline  lamellae  from  the  rela- 
tion, amcollecl:  them  upon  a  filter,  but  foon  found  they 
were  fo  lht,  that  although  in  appearance  they  occupied 
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a  great  fpace  in  the  folution,  they  were,  on  deficcation, 
reduced  almoft  to  nothing. 

The  fmall  quantity  he  collected  being  put  upon  a  hot 
coal,   immediately  difappeared  in  fmoke  and  vapours, 
Th.s  circumftance  was  fimply  announced  in  Macquer'* 
Diaionary  ofChemiftry  •  but  Macquer  did  not  in^   ^ 
any  more  than  Poulletier,  the  nature  of  this  r  =>alar  fub 
ftance.     Fourcroy  having  had  fVequen-  -caflons  of  mak' 
ing  chemical   experiments    w^'    ^oulletier,    and   their 
converfation  often  turning  on  the  fubje&  of  biliary  cal- 
culi, Fourcroy  fiW*  lUys  down   the  facts  he  learned  from 
the  la#  cherrmt,  and  afterwards  what  he  difcovered  him- 
/cff  refpecting  this  peculiar  fubftance,  in  the  following 
manner. 

1 .  The  cryftalline  matter  appears  more  foluble  in  warm 
than  in  cold  alcohol ;  this  warm  liquor  paflcs  very  clear 
through  paper,  but  the  matter  feparates  from  it  fo  rea- 
dily, that  Poulletier  believed  it  to  have  paffed  with  the 
alcohol.  It  is  fcarcely  foluble  in  cold  alcohol,  /.  e.  a 
ten  or  twelve  degrees,  as  forty-eight  grains  were  depc 
fited  out  of  fifty  on  cooling,  yet  the  liquor  continued  o 
depofit  a  little  on  the  addition  of  water. 

2.  This  matter  appears  to  vary  in  quantity  in  differnt 
human  biliary  calculi,  though  it  conftantly  exifts  in  a?. 

.3.  The  proportion   is  very  inconsiderable,  for  afew 
grains  are  fcarcely  obtained  from  a  drachm  of  the  ca^uli. 
4.  The  calculi  of  quadrupeds,  and  particularly  f  the 
ox,  are  foluble  in  alcohol,  but  contain   no  cry  alii  ne 
matter.     Thefe  are   the  four  facts  which  Fourcr/  col- 
lected from  Poulletier  himfelf ;  he  then  gives  anccount 
of  his  own  djfcovery.     It  appears,  that  he  had  ept  for 
feveral  years  two  gall  bladders,  abfolutely  full     biliary 
ftnnes  ;  when  in   1785,  the   difcovery  he  ha^ade  on 
the  oily  nature  of  the  dried  liver,  induced  him  examine 
what  might  be  the  nature  of  biliary  concretion 
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The  flones  he  made  his  experiments  upon,  were  po- 
lifhed,  quadrilateral,  lying  on  each  other,  externally 
gray,  and  internally  of  a  brown  green  colour ;  he  found 
that  two  pounds  of  alcohol  were  fcarcely  fufficient  by  aid 
of  a  gentle  heat  to  diflblve  two  ounces  of  thefe  pulveriz- 
ed calculi.  The  more  hard  and  brown  parts  even  refufed. 
The  warm  folution  when  filtered  was  very  clear,  and  of 
a  yellow  or  flight  green  colour;  on  cooling,  it  quickly 
depofited  a  great  quantity  of  white  brilliant  cryflals,  re- 
fembling  thofe  of  concrete  boracic  acid.  This  experi- 
ment proved  this  matter  had  been  diflblved  by  the  warm 
alcohol,  and  was  precipitated  on  it's  cooling.  Nearly 
one  drachm  of  thefe  cryftals  was  collected  on  a  filter, 
and  had  the  properties  of  fpermaceti,  for  which,  vide  ani- 
mal oils.  This  proved  to  Fourcroy  the  great  analogy  be- 
tween this  and  the  dried  liver,  as  well  as  fpermaceti,  and 
left  him  no  longer  in  doubt  but  that  it's  fourcemuft  have 
been  in  the  liver  itfelf.  A  third  fac~t,  as  important  as  the 
preceding,  proves  the  truth  of  it. 

It  is  not  many  years  ago  fince  Walther,  but  more  par- 
ticularly Vicq  d'Azyr,  defcribed  with  great  care  a  pe- 
culiar fpecies  of  biliary  concretions,  different  from  thofe 
commonly  found  in  the  gall  bladder,  u  e,  cyftic  calculi, 
rounded,  or  in  polygons,  formed  of  concentric  ftrata, 
gray  externally,  brown  internally,  but  never  fo  nume- 
rous in  the  bladder  as  the  firft  ;  it  has  likewife  never  been 
found  full  of  them,  but  on  the  contrary,  with  ordinary 
biliary  flones,  whilft  here  rarely  more  than  one  is  found, 
althouo-h  more  confiderable  in  fize  than  the  common 
ones.  Thefe  folitary  concretions  are  fometimes  as  large 
as  a  pigeon's  egg,  but  in  general  do  not  exceed  the  fize 
of  the  egg  of  a  fmall  bird.  Their  figure  is  nearly  ovoid, 
fometimes  cylindrical,  almoft  always  rounded,  but  rarely 
unequal  externally  ;  their  colour  is  white,  on  breaking  j 
inflead  of  brown  concentric  ftrata  or  bile  fimply  thick- 
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rned,  and  depofited  in  ftrata  as  in  the  mod  common  of 
thefe  calculi,  they  have  a  lamellated  cryftalline  or  ftriat- 
ed  ftru&ure,  mining,  white,  foft  and  unctuous  to  the 
touch.  Sometimes  this  concretion,  inftead  of  offering 
large,  plates  of  the  fize  of  it's  diameter,  only  prefents 
ftriae.  It  alfo  varies  in  colour,  for  inftead  of  the  white 
ihining,  filverv,  or  micaceous  appearance,  it  is  fometimes 
yellow  or  greenifh.  It  is  often  intermixed  with  brown 
bile  -in  a  mafs  5  a  nut  of  thickened  bile  is  always  obferved 
in  it. 

After  Haller,  who  gave  in  a  difTertation  in  1749 
many  facts  on  biliary  calculi,  we  are  informed  by  Four- 
croy,  that  Walther  has  the  beft  indicated  the  fpecies 
under  confideration  5  but  Vic  d'Azyr  has  treated  the 
fubject  with  more  care  and  exactitude  than  even  Walther. 

Vic  d'Azyr,  however,  remarks  with  reafon,  that  che- 
niifts  as  yet  are  not  thoroughly  acquainted  with  the  na- 
ture of  thefe  concretions ;  he  obferves,  alter  having  de- 
fcribed  all  the  varieties,  and  as  it  were  all  the  fhades  of 
thefe  animal  cryftallizations,  from  the  common  biliary 
ftonc,  even  to  that  which  is  formed  of  this  cryftalline 
matter,  that  this  laft  fubftance  appears- to  be  the  fame  as 
that  found  by  Poulletier  de  la  Salle,  in  common  biliary 
ftones.  In  effect,  it's  chemical  properties,  according  to 
Fourcroy's  experiments,  are  perfectly  analogous.  Thefe 
cryftalline  biliary  concretions  become  foft,  and  melt  by 
heat  like  wax  ;  but  at  a  lower  temperature,  and  abfo- 
lutely  like  fpermaceti.  They  become  fixed  and  cryftalli- 
zed  on  cooling.  Water  has  no  effect:  upon  them.  Hot 
alkali  diffblves  them  ;  whilft  a  great  part  feparates  on 
cooling  in  the  form  of  brilliant  talcy  lamellse.  In  a 
word,  they  prefented  Foureroy  all  the  properties  of  the 
rendue  of  the  dried  and  putrid  liver,  and  of  the  brilliant 
cryftals  which  alcohol  feparates  from  the  calculi  of  thick-* 
ened  bile. 
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Gren  analyfed  a  done  which  was  of  a  yellow  colour, 
and  fmooth  to  the  touchy  of  a  fimilar  nature  to  thofe  ex- 
amined by  Fourcroy  ;  but  Gren  affirms  that  it  was  not 
foluble  in  alcohol,  whilft  Fourcroy  was  able  to  duTolve 
his  in  it  with  heat  entirely.  Gren  concludes  from  his 
own  experiments,  that  this  gall  (tone  was  compofed  of 
eighty-five  parts  of  cereous  matter,  and  fifteen  of  lymph. 

It  will   not   be  amifs  to  terminate  this  article  by  fome  Pemedies 
reflections  on  the  ule  of  taking  internal  remedies  for  the  for  th!:  1jol.u" 

°  now  of  bill, 

folution  of  biliary  calculi.  aiy  calculi. 

Various  medicines  have  been  propofed  to  bring  about 
their  folution  in  the  animal  body  ;  fuch  as  foap,  a  mix- 
ture of  oil  of  turpentine  and  ether,  &c.  ;  without  confi- 
dering  the  decomposition  which  fubftances  undergo  when 
taken  into  the  fyftem,  which  prevents  them  from  pre- 
ferving  their  chemical  action  on  the  calculi,  when  out  of 
the  body;  but  it  is  an  important  and  curious,  fact,  that  in 
the  gall  bladder  of  the  ox  no  calculi  are»found,  except  n  ne  found 
after  dry  feafons,  and  from  a  want  of  frefh  forage ;  ^"  ceptTn 
and  that  during  the  fpring  and  fummer,  when  this  ani-  dr>  fe*topfc 
mal  is  provided  with  plenty  of  green  and  fucculent  vege- 
tables, they  difappear.  The  butchers  are  well  acquainted 
with  this  circumflance  ;  they  know  it  is  from  the  month 
of  November  to  March  that  thefe  ftones  exift,  and  at 
this  laft  epoch  no  more  are  to  be  found.  Fourcroy  is 
of  opinion  that  this  fact  is  fufficient  to  (how  the  power  of 
the  foapy  juices  of  plants  in  diflblving  thefe  calculi.  The 
analyfis  of  thefe  concretions  in  the  gall  bladders  of  the  ox 
and  the  fheep  have  not  as  yet  been  compared  with  the 
human,  although  they  fometimes  are  found  in  large 
quantities,  and  the  only  ufe  made  of  them  has  been  in 
painting. 

Calculus  hepaticus.  The  bile,  in  a  ftate  of  difeafe,  not 
only  gives  rife  to  concretions  which  are  found  in  the  gall- 
bladder, but  to  others  that  occupy  the  interior  of  the 
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biliary  veflels  of  the  liver ;  and  although  thefe  are  far  from 
being  uncommon,  chemiftry  as  yet  has  not  attended  to 
them.  Thefe  hepatic  concretions  are  hard  and  folid,  and 
perhaps  on  analyfis  maybe  found  to  refemble  gall-ftones 
in  their  compolition. 

Baillie's  Morbid  Anatomy,  p.  156,  192. — Gren's 
Verfuche  in  Gott.  S.  Dieterich  Difs.  contin.  duas  als. 
circa  Calculos  in  Cyft.  hum.  inventos.  Hall.  1788. — 
Haller's  Phyfiol.— Hen.  Fried.  Delius  de  Colelithis 
Obfervationes  et  Experimenta.  Erlang.  1782. — Hilde- 
brandt's  Anfangfgrunde,  &c. — H.  F.  Teichmeyer  audi:, 
et  refp.  W.  H,  A.  Strochlein  de  Calculis  Biliariis.  Jen. 
1742.  —  Gren's  Handbuch.  — Hermbftadt's  Phyfifch. 
Chemifch.  Verfuch.  &  Beobachtung. — Encyclop.  Me- 
thod, torn.  2.  Chimie.  p.  569. — Analyfe  d'une  Pierre 
retiree  de  la  Veficule  du  Fiel,  par,  M.  Gren.  An.  de  Ch. 
torn.  5.  p.  186, 
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Whatever  is  feparated  or  excreted  from  the  blood  as 
ufelefs,  as  well  as  the  remnants  of  thofe  fubftances,  both 
animal  and  vegetable,  which  after  having  undergone  the 
procefs  of  digeftion,  and  fupplied  the  body  with  nourifh- 
ment,  are  only  retained  until  there  is  an  opportunity 
or  neceffity  for  evacuating  them,  may  be  called  excre- 
ments. 

Thefe  are  found  either  in  a  fluid  or  folid  ftate.  The 
firft  comprehend  the  urine  and  fweatj  the  fecond,  the 
fecesf 
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This  fluid  is  an  aqueous  pellucid  excretion,  feparated 
by  the  kidneys  from  the  blood  of  animals  ;  it  contains  in 
folution  feveral  neutral  falts,  and  fome  animal  extractive 
matter,  and  is  perhaps  the  mod  variable  fluid  of  any  in 
the  animal  body.  It  differs  from  all  the  animal  fluids,  Differs  frdm 
by  the  prefence  of  a  peculiar  acid,  by  fome  called  the  mal  flujdg 
lithic,  by  others  the  uric  acid,  from  it's  forming  the 
bails  of  fome  of  the  calculi  of  the  bladder  and  kidneys  ; 
and  it  is  alfo  remarkable  for  containing  a  very  large  quan- 
tity of  difengaged  phofphoric  acid,  the  phofphats  of  foda, 
ammonia,  and  lime ;  but  perhaps  of  all  it's  contents, 
the  moft  curious  is  that  lately  found  in  it  by  Fourcroy, 
called  uree.  Such  are  the  principal  matters  contained  in 
this  excrement,  the  perfect  analyfis  of  which  is  not  per- 
haps at  pre  fen  t  attained. 
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Ancient  At  the  time  of  Pliny,  the  contents  of  lu..  „  . 

*Jin     s      been  inveftigated,  and  even  but  few  observations  iiu. , 

made  on  it's  natural,  fpontaneous,  and  external  changes. 
The  ancients  had,  however,  made  fome  few  remarks 
refpe&ing  it,  both  in  a  healthy  and  difeafed  ftate ;  thus 
they  inform  us,  if  the  morning  urine  is  white  and  clear, 
and  the  next  after  it  higher  coloured  and  inclining  to  a 
yellow,  they  conclude  from  the  firft,  decoction  was  com- 
menced, and  from  the  fecond,  that  digeftion  was  perfect 
and  completed.  A  red  urine  they  coniidered  a  bad  fign, 
but  a  black  one  the  worft  of  all.  Greenim  urine  beto- 
kened an  obftruction  of  fome  of  the  vifcera,  and  a  heavy 
white  fediment  was  a  fign  of  fome  difeafe  of  the  joints, 
or  principal  parts  ;  if  red,  the  blood  was  di (tempered  ; 
urine  that  contained  matter  refembling  bran,  or  had  a 
black  cloudy  appearance,  foreboded  danger,  but  if  it's 
contents  were  thick  and  fetid,  it  was  coniidered  as  mor- 
tal. From  this  it  appears,  how  little  was  known  of  this 
excretion  at  the  time  of  Pliny,  except  what  was  expofed 
to  the  moft  common  obfervation  ;  and  e?en  in  this  ref- 
pect  they  were  not  fortunate  in  their  remarks.  Some 
ridiculous  remedies  were  likewife  afcribed  to  it,  which, 
in  fome  countries,  common  fenfe  has  not  yet  got  the 
better  of. 

We  need  not  be  furprifed  at  the  ignorance  of  the  anci- 
ents refpe&ing  the  knowledge  of  the  contents  of  this 
fluid,  when  we  confider  how  fmall  has  been  the  progrefs 
of  inquiry,  and  how  imperfectly  they  have  been  examin- 
ed, even  in  modern  days.     A  number  of  writers,  fuch  as 

Moderns.  Van  Helmcmt,  Henckel,  Stahl,  Binninger,  Boerhaave, 
Margraaf,  Willis,  Pott,  and  Langrifh,  had  made  us  ac- 
quainted with  fome  of  the  products  obtained  from  it  by 
diftillation,  and  expofure  to  different  degrees  of  heat ; 
but  the  method  of  examining  this  excrementitious  fluid 
by  reagents  was  rcferved  for  the  prefent  period  3  and  it 
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is  to  Rouelle,  Prouft,  Scheele,  Halle,  Brugnatelli,  Ber- 
thollet,  Cruickfliank,  and  more  particularly  to  Fourcroy 
and  Vauquelin,  that  we  are  indebted  for  a  more  exacl: 
analyfis  and  more  extenfivc  obfervations  on  thefubjecl:. 

Three  fpecies  of  urine  have  at  prefent,  however,  only  Three  fge 
been  fubmitted  to  chemical  analyfis,  viz.  the  human,  mmed>a" 
that  of  the  horfe,  and  of  the  cow,  to  which  Rouelle  has 
added  a  very  few  remarks  on  that  of  the  camel';  but  as 
the  fir  ft  has  been  more  particularly  the  objecl:  of  inquiry, 
and  as  it's  importance  far  exceeds  any  thing  to  be  de- 
rived from  the  others,  it  will  form  the  principal  part  of 
this  article. 

Freili  human  urine,  of  a  healthy  adult  perfon,  is  a  TT 

7  J  r  '  Human 

perfectly  tranfparent  aqueous  fluid,  of  an  amber  or  vi-  urine. 
nous  yellow  colour ;  it's  fmell  is  not  difagreeable  5  for 
tvhen  firft  voided  it  has  a  great  refemblance  to  that  of 
violet  powder,  by  which  it  is  eafily  diftinguifhed  from 
all  other  frefli  animal  fubftances.  This  aroma,  however, 
only  continues  whilft  the  urine  remains  warm  ;  it  often 
flies  off  in  a  few  feconds,  and  the  urine  become  cool,  is 
fucceeded  by  another,  which  is  the  true  urinous  fmell. 
To  the  tafte  it  is  faline  and  unpleafant. 

A  variety  of  circumftances  however  makes   it  differ  It,s  vari-- 
from  this  flandard,  and  the  difference  is  ftill  greater  when 
compared  to-that  of  quadrupeds. 

1.  The  age  of  the  perfon  from  whom  it  is  taken.     In  cauf«  of 
the  fetus,  it  is  without  fmell,  little  or  no  tafte,  and  al-  them* 
moft  perfectly  aqueous.      In  childhood,  the  urine   ap- 
proaches nearer  to  that  taken  from  the  adult,  and  in  old 

age,  it  is  very  (harp  or  acid,  of  a  difagreeable  fmell,  and 
very  high  coloured. 

2.  Whatever  tends  to  increafe  or  decreafe  the  fluids  of 
the  body.  Thus,  a  large  quantity  of  cool  drink,  the  cold 
of  winter,  repofe,  produce  a  pale  aqueous  urine  in  large 
quantity,  having  little  odour  or  tafte  ;  011  the  contrary, 
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a  full  meal  of  flefh  meat,  fpirituous  liquors,  exercife,  or 
whatever  increafes  perfpiration,  as  the  heat  of  the  fum- 
mer,  tend  to  make  it  high  coloured,  in  fmall  quantity, 
more  faline,  and  to  give  it  more  odour  of  a  difagreeable 
kind. 

3.  Affections  of  the  mind.  Thus,  fear,  and  nervous 
Weaknefs,  as  it  is  called,  produce  a  pale  inodorous  urine, 
in  large  quantity,  whilft  vigour  and  ftrength,  the  con- 
trary effect. 

4.  Certain  kinds  of  diet  give  it  a  peculiar  flavour, 
odour,  and  colour.  Thus,  afparagus,  olives,  garlick, 
onions,  broom,  endive,  artichokes,  horfe-radifh,  and 
vegetables  of  other  kinds  that  contain  a  ftrong  effential 
oil,  are  faid  to  communicate  to  urine  their  own  peculiar 
difagreeable  fmell  ;  whilft  turpentine  perfumes  it  with 
the  odour  of  violets.  '  Similar  effects  are  mentioned  by 
Galen  and  Diofcorides,  who  informs  us,  that  the  ancient 
phyflcians  remarked,  that  the  ufe  of  certain  roots  which 
they  adminiftered  to  their  patients  communicated  a  co- 
lour to  their  urine  and  excrements,  and  this  obfervation 
has  been  repeated  by  Cardan,  Thurneiffer,  Porta,  Caf- 
ter,   Durantes,  and  others. 

Macquer  informs  us,  he  has  known  pcrfons  ac cus- 
tomed to  the  headach  and  bad  digeftion,  whofe  urine 
retained  the  mod  evident  odour  of  the  food,  fuch  as 
coffee,  roots  of  various  forts,  fruits^  pulfe,  and  even  of 
foups  and  broths,  particularly  when  made  of  the  indi- 
geftible  kind  of  meat,  and  in  fuch  urines  he  conftantly 
found  an  acid  immediately  after  evacuation.  According 
to  Plenck,  an  infufion  of  tea  or  of  caflia  fiftula  gives  the 
urine  a  greenifh  colour ;  the  fruit  of  the  opuntia  a 
red,  and  the  rhubarb,  a  yellow  colour.  In  the  herbi- 
vorous animals  it  is  found  to  be  more  or  lefs  fetid  ;  in 
the  carnivorous,   fharp  and  acid,  whilft  fome  have  pe* 
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•tiliar  odours,   as  tbofe  of  the  cat,  the  fitchet,  the  ti- 
ger, &c. 

Urine  from  it's  putting  on  feveral  appearances  in  the  Divifion  of 
fame  perfen  when  evacuated  at  different  times  has  been  and  con- 
called  by  phyficians  under  different  titles.     When  eva-  c°aed* 
cuated  an  hour  or  two  after  taking  in  food,  it  is  com- 
monly very  aqueous,  and   authors  give  it  the  name  of 
crude  urine ;  whilft  that  in  the  morning,  which  is  high 
coloured,  fomewhat  acid,  and  thicker,  from  the  more 
aqueous  parts  having  been  reabforbed,  has  the  name  of 
urine  of  cone  oft  ion,  from  digeftion  having  been  fuppofed  to 
be  over. 

The  fpecific  gravity  of  healthy  urine,  according  to  Specific 
Cruickfhank,  varies  from  1005  to  1033,  diftilled  water srau  *' 
being  at  1000;  but  the  fubftances  which  form  it's  con- 
tents vary  fo  much  in  their  proportions,  even  in  the  fame 
perfon,  that  it  is  extremely  difficult  to  fix  upon  what  may 
be  confidered  as  a  ftandard  of  the  fpecific  gravity  of 
healthy  urine. 

If  frefh  healthy  urine  be  left  to  repofe  in  the  open  air;  It's  changes 
the  changes  it  undergoes  have  been  divided  by  Halle  into  to  the  air. 
four  periods. 

1.  The  firft  takes  it's  rife  with  that  of  the  peculiar 
urinous  f?nel!,  which  is  perceived  a  few  hours  after  having 
been  voided.  Scarcely  is  the  urine  cold,  before  a  tur- 
bidnefs  appears,  which  is  very  flight,  and  coalefcing  into 
a  cloud,  finks  to  the  bottom.  The  urine  is  then  clear  p'eriod!°U 
again.  This  depofit  is  turbid,  femitranfparent,  whitifh, 
and  refembles  a  very  white  jelly,  of  which  it  has  all  the 
properties,  whilft  Seguin  affirms,  that  healthy  urine 
contains  no  gelatin.  This  gelatinous  depofit  is  only 
found  in  urine  of  decoction.  In  a  day  or  two  a  fecond 
depofit  takes  place,  which  is  faline  :  there  is  no  appa- 
rent turbidnefs,  but  there  arifes  a  more  or  lefs  thick  pel- 
licle on  the  furface,  whilft  the  internal  fides  of  the  glafs 
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become  more  or  lefs  coated  with  a  granular  and  cryftal- 
lized  rind,  fometimes  of  a  whitifh,  vellowifh,  or  of  a 
red  brick  colour  ;  at  other  times  this  variety  of  colour  is 
obferved  in  the  fame  urine.  In  the  laft  cafe,  the  red 
cryftals  being  greater  and  more  heavy  than  the  red,  are 
the  firft  to  fall  down.  Sometimes  thefc  two  depofits 
take  place  at  the  fame  time,  but  only,  as  Halle  is  of  opi- 
nion, when  in  a  difeafed  ftate.  By  edulcoration  this  red 
part  is  deprived  of  it's  colour.  The  pellicle  only  ap- 
pears to  differ  from  the  rind  by  the  mucus  that  unites 
it's  parti-cles.  Sometimes  the  pellicle  exhibits  the  co- 
lours of  the  rainbow,  and  is  extremely  thin  and  oily. 
They  are  both  fandy  to  the  touch,  faline  to  the  tafte,  and 
fomewhat  earthy. 

_  -  2.  Whilft  the  urinous  fmell   increafes,  the  urine  be- 

2.  Sourpe-  • 

riod.  comes  darker  coloured,  and  the  fecond  period  commences 

by  a  four  fmell)  refembling  four  broth,  or  the  cafeous 
part  of  milk  when  turned.  This  four  fmell  does  not 
take  place  in  every  urine,  but  is  more  peculiar  to  crude  : 
in  fome  it  is  fcarcely  to  be  obferved,  in  others,  it  will 
continue  two  or  three  or  more  davs,  and  it  rarely  takes 
place  before  the  third  day.  During  this  period,  a  white 
greenifh  mould  arifes  on  the  furface  of  the  pellicle,  and 
the  larger  the  quantitv  of  mucus,  the,fooner  it  is  per- 
ceived :  it  refembles  that  on  the  juices  of  vegetables, 
and  folutions  of  animal  jelly,  and  it  takes  place,  al- 
though the  veffel  be  hermetically  fealed. 

3.  Alkaline      3.  The  urine  being  now  of  a  red  colour,  the  third  pe- 
penod.        rjQ(j  takeg  p]ace  ky  an  evoiLltion  of  alkali,  producing  the 

fmell  of  ammonia.  There  is  a  turbidnefs  at  the  fame 
time,  and  a  number  of  large  and  fmall  flocks  in  it  which 
caufe  a  third  depofit,  of  an  opake,  white,  fmooth  mat- 
ter, refembling  marrow  to  the  touch,  and  of  an  earthy 
rather  than  faline  tafte  :  when  this  alkaline  fmell  is  very 
ftrong,  the  urine  become?  clear  again,  but  grows  darker, 
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This  ammoniacal  fmell  fometimes  immediately  fucceeds 
the  four  fmell ;  at  other  times,  there  is  an  interval, 
when  the  lad  is  only  perceptible  ;  and  at  other  times, 
when  there  is  no  four  finely  it  is  very  evident  on  the 
third,  and  even  on  .the  fecond  day,  but  often  not  until 
the  fifteenth  or  twentieth,  or  even  later.  It  immediately 
deftroys  the  mould.  During  this  ftage  the  urine  effer- 
vefces  ftrongly  with  acid. 

4.  The  urinous  fmell,  which  has  been  more  or  lefs  4  putlu 
percefved  in  conj unction  with  the  alkaline  or  ammoni-  Penod- 
acal,  is  now  deftroyed  along  with  it,  by  the  fourth  or 
put,  id  period.  This  is  known  by  a  naufeous,  cadaverous 
fmell,  the  gelatinous  parts  of  the  fediment  become  de- 
compofed,  and  are  converted  into  a  dirty  gray,  clotted 
mafs,  which  ends  with  the  deftruction  of  all  the  pro- 
perties of  the  urine.  When  this  putrid  ftench  has 
ceafed,  the  reft  is  perfectly  inodorous,  the  putrefactive 
procefs  being  entirely  over.  It  may  be  obferved,  that 
during  thefe  periods,  the  colour  of  the  urine  becomes 
changed,  the  principal  varieties  of  which  are,  a  gold 
yellow,  brown  yellow,  reddifh  brown,  red  and  dark 
brown,  whilft  the  tafte  grows  more  fharp  and  penetrat- 
ing. We  are  informed  by  Rouelle  and  Halle,  that  crude 
urine  is  not  fubject  to  the  putrefactive  ftage. 

Having   examined  the  changes     urine    undergoes  in  sediment  of 
it's    fmell,    colour,  and  depolitions  when  in   a  healthy  ur.ine/j£" 
ftate,  we  are  enabled  by  the  obfervations  of  Brugnatelli  Brugnatelii. 
to  give  fome  account  of  the  colours  and  properties  of 
the  fediment  of  urine  in  a  ftate   of  difeafe.     The  ap- 
pearances the  fediment  puts  on  in  different  difeafes  are 
various ;  fometimes  it  appears  in  the  form  of  bran,  or 
fine  fand  ;  at  other  times  it  refembles  threads  which  have 
been  taken  for  worms ;    fometimes    it  appears  in  the 
form  of  a  thick  cloud,  and  at  other  times  like  pus.     In 
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healthy  people,  the  eolour  of  the  fediment  is  almofl:  al- 
ways white,  but  in  difeafe,  it  appears  of  various  colours, 
fuch  as  gray,  dark  coloured,  gold  yellow,  greenifh  yel- 
low, red  and  black.  The  mod  ufual  colour  of  the  fedi- 
ment  of  difeafed  urine  is  red,  fometimes  of  a  pale  brick 
colour,  at  other  times  fo  deep  as  to  furpafs  the  mod 
lively  coloured  cinnabar.  The  colour  of  the  fediment  is 
likewife  fometimes  quite  oppofite  to  that  of  the  urine. 
Brugnatelli  has  feen  white,  afh-coloured,  greenifh  and 
rofe  coloured  fediments  in  pale  and  yellowifh  urines*;  and 
am  and  amber  coloured  fediments  in  reddifh  and  deep  red 
urine. 
The  eolour       This  diverfitv  of  colour  has  not  been  accounted  for. 

accounted  * 

for.  Moll  of  the  ancients  attributed  the  colouring  matter  to 

the  more  or  lefs  changed  ftate  of  the  bile,  and  from  this 
caufe  they  were  of  opinion^  the  yellow,  yellowifh  green, 
and  the  reddifh  coloured  parts  of  urine  arofe. 

Willis  thought  the  amber  colour  in  urine  originated 
from  the  prefence  of  a  kind  of  liver  of  fulphur.  Ac- 
cording to  Brugnatelli,  the  red  coloured  fediment  is 
owing  to  the  brood  ;  and  he  fupports  his  opinion,  bv 
averting,  that  the  high  coloured  fediment  of  a  dropfical 
patient  produced  with  an  alkali  a  lixivium  fanguinis 
that  precipitated  green  vitriol  of  a  blue  colour,  but  that 
this  was  not  the  cafe  with  the  white  and  afh  coloured  fe- 
diments.'- According  to  Scheele,  the  red  colour  is  owing 
to  the  lithic  acid.  Ilildebrandt  is  of  opinion,  the  higher 
or  weaker  colour  in  urine  moft  probably  depends  on  the 
greater  or  lefs  quantity  of  carbon ;  and  thefe  two  laft 
opinions  appear  the  moft  probable,  fince  the  red  coloured 
urines  are  more  faturated  with  faline  fubftances  than  the 
others,  and  particularly  with  the  lithic  acid  ;  and  it  is 
well  known,  that  when  urine  begins  to  corrupt  the  co- 
louring matter  is  the  firft  that  undergoes  a  change,  paf- 
fing  through  different  fhades  until  it  becomes  very  dark 
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coloured,  in  which  procefs  the  carbon  acts  a  confiderable 
part, 

Brugnatelli  having  collected  the  fediments  of  difeafed 
urine,  extracted  the  faline  particles  by  lixiviation  with 
diftilled  water,  and  dried  the  remainder  in  the  open  air. 
It  was  white,  light  and  brittle,  mowed  no  difpofition  to  de- 
liquefce,  and  had  not  the  difagreeable  urinous  fmell  as  be- 
fore. It  afforded,  when  rubbed  with  lime,  no  trace  of  vola- 
tile alkali.  Cold  water  converted  it  into  a  vifcous  gluey 
fub fiance,  but  did  not  diffolve  it.  It  became  however 
putrid  in  awarmifli  air,  and  burned  with  a  fmell  of  burnt 
hair  to  a  coal.  This  fediment  was  diffolved  by  warm 
water,  with  the  preservation  of  it's  colour.  The  red  fe- 
diment that  produced  a  red  folution  became  yellowifh  on 
the  addition  of  nitrous  acid,  but  refumed  it's  red  colour 
again  on  adding  fome  alkali.  Some  of  thefe  folutions 
gave  marks  of  a  difengaged  acid. 

The  fediment  of  healthy  urine  which  fpontaneoufly 
feparated  on  repofe  refembled  that  of  difeafed.  Lime 
water,  fixed  alkali,  and  folution  of  foap  diffolve  a  little  of 
thefe  fediments.  Acids,  as  the  acetous,  phofphoric  and 
vitriolic,  produce  little  or  no  change  on  them.  Smoking 
fpirit  of  fait  diffolved  it  perfectly  when  heated,  and  the 
nitrous  acid,  which  acted  even  in  the  cold,  raifed  a  thick, 
yellowifh  fcum,  that  tinged  the  fkin  yellow,  and  after- 
wards produced  a  beautiful  fcarlet  colour.  By  diftilla- 
tion  with  nitrous  acid,  the  acid  of  fugar  was  procured 
from  the  fediment.  Such  are  the  imperfect  experiments 
of  this  chemift. 

If  firft  healthy  urine  be  fubmitted  to  diflillation  not  Ulinef,lb- 
beyond   a  boiling  heat,  a  mere  water  is  obtained  of  a1?1"6^1" 

&  ;  filiation. 

difagreeable  fmell,  which  forms  the  greater  part  of  the 
urine.  It  amounts  to  about  J  of  it,  and  is  neither  acid 
nor  alkaline.  The  urine  on  continuing  the  evaporation, 
becomes  browner  and  darker  coloured,  gets  very  turbid, 
and  a  certain  quantity  of  an  earthy  looking  pulverulent 
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matter  is  depofiled,  that  has  been  taken  for  fclenite,  but 
is  the  phofphat  of  lime  or  earth  of  bones,  with  a  fmall 
excefs  of  acid.  This  fait  is  of  difficult  folubilitv,  and  k 
mixed  with  a  little  concrete  lithic  acid.  On  being  eva- 
porated to  the  confidence  of  a  clear  firup,  or  cream,  it 
is  to  be  placed  in  a  frefli  place  to  cool,  in  order  to  obtain 
a  cryftallization  of  the  faline  fubftances.  The  firft  cryf- 
tals  that  appear  are,  according  to  Macquer,  the  ?nicrocof- 
mic  fait,  known  by  the  names  of  native  or  eflential  fait 
of  urine,  fufible  or  phofphoric  fait;  it  is  a  faline  fub- 
ftance,  inbrownifti  prifmatic  cryftals,  compofed  of  two 
falts,  viz.  the  phofphat  of  ammonia,  and  of  mineral 
alkali ;  but  according  to  Fourcroy,  the  firft  cryftals  are 
thofe  of  marine  fait.  By  repeated  evaporation  and  cryf- 
tallization, feveral  fucceffive  products  of  cryftals  are  ob- 
tained ;  afterward  the  lefs  cryftallizable  falts,  as  Macquer 
informs  us,  which  are  common  fait,,  and  dfgeftive  fait 
of  Sylvius,  or  febrifuge  fait  ;  the  remainder  is  a  brown, 
bitter,  faponaceous  extractive  matter,  which  is  looked 
•  upon  as  a  fort  of  mother  lye.  The  quantity  of  extrac- 
Extraitive    .•      ma<Lter  js  m0re  variable  than  that  of  any  other  fub- 

m atter  ob- 

takied,  ftance,  hyfterical  or  crude  urine  containing  fcarcely  any 
of  it,  whilit  that  of  concocVion  abounds  with  it.  The 
moft  frefh  urine  exhales  by  a  fomewhat  ftrong  heat  an 
ammoniacal  odour,  which  Fourcroy  thinks  probably  arifes 
from  the  decomposition  of  the  phofphat  of  ammonia. 
By  a  ftronger  heat,  as  the  diftillation  continues,  the  ex- 
tractive matter  affords  water,  containing  the  carbonat  of 
ammonia,  a  part  of  which  is  likewife  formed  in  a  con- 
crete ftate ;  a  very  fetid  empyreumatic  oil ;  and  on  the  fire 
being  pufhed  as  far  as  poflible,  a  little  phofphorus  is 
obtained,  produced  from  the  fufible  fait  that  could  not 
be  feparated  by  cryftallization,  and  an  animal  coal  is  left 
of  difficult  incineration,  in  which  b  found  a  little  mu- 
nat  of  foda;  hence  this  extractive  matter  appears  to  af- 
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ford  nothing  more  than  the  ufuai  produces  of  animal  fub- 
ftances. 

By  a  more  exact  analyfis  of  this  extra&ive  matter  of  Examined 
urine,  Rouelle  difcovered  that  urine  contains  two  fub-  by  Rout,k% 
fiances  in  folution,  which  cannot  be  procured  feparate 
by  means  of  fire.  By  treating  the  foft  extract  by  fpirit 
of  wine,  one  portion  is  diffolved,  whilft  the  other  part 
remains  untouched.  He  has  called  the  ffrft,  faponaceous 
matter  •   the  fecond,   exiraHi'we  matter. 

The  firjt  he  found    to  be  faline,  foluble  in  fpirit  of  Sanonace. 

wine,  and  cryftallizable,  it  is  not,  however,  eafilv  dried  on  ous  ?"d  ex* 
J  *         ..-  tra&ive 

the  water  bath  ;  it  is  deliquefcent,  affords  more  than  one  matters. 
half  it's  weight  of  ammonia,  a  little  oil  and  murial  of 
ammonia.  It's  refidue  changes  the  firup  of  violets 
green  The  fecond  is  foluble  in  water,  but  not  fo  in  fpi- 
rit of  wine  ;  hence  it  refembles  the  gummy  and  mucila- 
ginous parts  of  vegetables,  is  eafily  dried  on  the  water 
bath,  Jike  their  extracts  5  it  is  black,  lefs  deliquefcent 
than  the  former,  and  by  dry  diftillation  affords  the  fame 
produces  as  animal  jelly.  Rouelle  obtained  from  one  pint 
of  urine,  from  one  ounce  to  1  ounce  and  half  of  extract ; 
this  urine,  however,  was  voided  after  concoclion  ; 
whereas  the  fame  quantity  of  crude  urine  only  afforded 
1,  2,  or  3  drachms.  He  likewife  found  thefe  two  mat- 
ters in  the  urines  of  the  cow,  the  horfe,  and  the  camel, 
but  the  extractive  matter  of  the  human  urine  is  in  very 
fmall  quantity.  According  to  Cruickfhank,  3(?oz.  of 
urine  yield  a  refiduum  varying  from  1  to  1  oz.  and  half. 

The  analyfis  of  urine  by  thefe  means  mows  that  it  is  „ 

J  J       #  Compdnenl 

compofeel  of  much  water,    difengaged  phofphoric    and  parts  «l 
lithic  acids,  the  muriats  of  potaili  and   foda,  the  phof- 
phats  of  foda,  ammonia  and  lime,  and  tvvo  peculiar  ex- 
tractive  matters,  which  according  to  Fourcroy  give  this 
fluid  it's  colour. 
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The  relative  proportions  of  the  component  parts  of 
urine  in  a  healthy  flate,  Cruickfliank  is  of  opinion,  may- 
be nearly  as  follows  : 

Of  muriatic  falts  

phofphoric  

Jithic  acid  and  phofphat  of  lime 
with  excefs  of  acid  .... 

animal  extractive  matter  .... 
The  neutral  falts,  when  purified  by  cryftallization,  are 
generally  very  fufible.  This  however,  depends  upon  the 
greater  or  lefs  proportion  of  phofphoric  falts,  particularly 
the  phofphat  of  ammonia,  on  which  their  fufibility  in  a 
great  meafure  arifes.  Sometimes  inftead  of  melting,  this 
faline  matter  decrepitates  when  fuddenly  heated,  owing 
to  an  excefs  of  the  muriatic  falts,  of  which  the  muriat 
of  potafh  is  in  general  the  mod  prevalent,  and  is  eafily 
diftinguimed  from  the  muriat  of  foda,  by  it's  cryftal- 
lizing  in  fome  degree  on  cooling,  and  by  it's  affording 
eream  of  tartar  on  adding  acid  of  tartar.  In  recent 
urine,  this  chemift.  found,  that  the  ammoniacal  falts 
bear  a  very  fmall  proportion,  but  when  dale  or  putrid, 
they  are,  as  may  be  expected,  much  more  abundant. 
The  phofphat  of  ammonia  is  the  principal,  although  the 
muriat  of  ammonia  is  likewife  to  be  met  with. 

Urine  is  very  much  inclined  to  putridity,  and  under 
certain  circumftances,  as  in  very  warm  weather,  we  are 
told  by  Macquer,  that  ten  or  twelve  hours  are  fufficient 
to  produce  it ;  if  the  heat  be  at  the  higheft  natural  tem- 
perature, it  will  undergo  this  fpontaneous  decompefition 
in  five  or  fix  hours,  or  lefs  ;  it  then  has  a  difagreeable, 
ii inking,  (harp  penetrating  fmell,  in  which  the  fmell  of 
ammonia  is  very  perceptible  ;  urine  being  one  of  thofe 
animal  matters,  from  which  this  fait  is  extracted  in  the 
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greateft  quantity  during  the  putrid  ilate.  It  now  changes 
the  (imp  of  violets  to  a  green  colour,  and  gives,  by  dis- 
tillation on  the  water  bath,  a  volatile  alkaline  fpirit,  that 
has  been  called  the  fpirit  of  urine,  or  fpiritus  urinae.  It 
would  appear  that  the  difagreeable  fmell,  which  arifes, 
previous  to  the  alkaline  in  thefe  fudden  changes  of  urine, 
proceeds  from  this  fait ;  for  if  an  acid,  fuch  as  vinegar,  be 
poured  into  urine  which  is  beginning  to  {link,  the  flench 
is  immediately  deftroyed  together  with  the  penetrating 
alkaline  fmell  ;  on  the  contrary,  if  fixed  alkali,  or  un- 
flacked  lime  be  mixed  with  the  frefheft  urine,  it  immedi- 
ately gives  rife  to  the  fame  penetrating  putrid  aroma. 

Rouelle,  in  his  examination  of  the  nature  and  propor-  Examined 
tions  of-  the  falts  in  putrid  urine  found  no  evident  diffe- 
rence from  thofe  collected  from  this  fluid  when  freili 
voided  ;  however,  in  the  faponaceous  and  extractive  parts 
the  change  was  considerable.  According  to  Hildebrandt, 
foul  urine  does  not  afford  fo  much  fufible  fait  as  freih, 
fince,  during  the  putrefactive  ilate,  the  ammonia  is  con- 
flantly  efcaping,  leaving  the  phofphoric  acid  behind. 
The  fame  takes  place  likewife  if  putrid  urine  be  evapo- 
rated in  a  water  bath,  to  the  confidence  of  honey;  in 
other  refpeefs,  it  does  not  differ  from  frefh  urine. 

Urine  was   formerly  confidered   as  an  alkaline  lixivi-  A-fiionof 
...  rr'  i    i"  ■     •  ■    i  -i      rea 

um,  until  it   was  dncovered  that  it  always   contained  a  healthy 

difengaged  acid,  in  it's  healthy  ilate,  and  when  recent, 
for  if  it  be  kept  any  length  of  time,  there  is  a  produc- 
tion of  ammonia;  hence  for  examination  it  is  requifite 
that  it  mould  be  frefh  voided. 

Frefh,   healthy  urine  reddens  the  tincture  of  litmus.    , 
Acids   produce  no   precipitation   in  it;  the    nitrous, 
however,  caufes   an  effervefcence,  and  gives  it  a  reddifli 
colour. 

Cauftic  vegetable  and  mineral  alkalis,  and  quicklime,, 
BB4 


reagents  on 
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when  added  to  urine,  produce  an  infupportable  alkaline, 
putrid  fmell,  by  decomposing  the  phofphat  of  ammonia. 
It'  a  folution  of  volatile  alkali  be  dropped  into  it,  a  flight 
cloud  is  produced,  which  is  the  phofphat  of  lime,  two 
grains  of  which  may  be  obtained  from  four  ounces  of 
urine. 
Method  of       Rouelle,   Macquer,   and   Halle,  having  looked  upon 

Berthollet  to        .  '  ^  b  V 

find  the  urine  when  frefh  as  not  pofleffing  any  acidity,  it  was 
phufptoric  confidered  in  that  light,  until  the  more  exact  experi- 
acjd-  ments  and  obfervations  of  Scheele  and  Berthollet  proved 

the  contrary.  Scheele  affirmed,  that  it  contained  not 
only  the  phofphoric  but  the  lithic  ;  but  Berthollet  proved 
that  it  was  the  phofphoric  only,  in  a  difengaged  ft  ate,  or 
rather  combined  in  excefs  with  calcareous  earth,  and  he 
has  given  us  the  following  method  of  determining  the 
proportion  of  this  acid  exifting  in  different  urines,  by 
By  limewa- means  of  limewater  and  ammonia.  For  this  purpofe, 
a  quantity  of  limewater  is  mixed  with  the  urine,  and  the 
precipitate  (from  which  phofphorus  may  be  obtained)  is 
to  be  cojle&ed  on  a  filter.  This  precipitate  arifes  from 
the  union  of  the  lime  with  the  excefs  of  the  phofphoric 
acid,  and  confifts  of  the  phofphat  Of  lime  naturally  con- 
tained in  the  urine,  and  fufpended  in  it  by  excefs  of  the 
phofphoric  acid,  and  that  formed  by  the  lime  fuperadded 
Andammc- to  tms  excefs.  Having  likewife  obferved,  that  ammonia 
ma'  precipitates  the  calcareous  phofphat  of  lime  by  neutra- 

lizing the  excefs  of  acid  which  held  that  fait  in  folution, 
he  remarks,  that  the  weight  of  this  precipitate,  compared 
with  that  produced  by  limewater,  indicates  the  quantity 
of  difengaged  phofphoric  acid  contained  in  the  urine; 
becaufe,  in  fact,  the  phofphat  of  ammonia  formed  in  this 
experiment  remains  diffolved,  whilft  the  phofphat  of  lime 
produced  by  the  limewater,  being  infoluble,  is  precipi- 
tated at  the  fame  time  as  the  other  portion  of  calcareous 
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phofphat  which  naturally  exifts  in  the  urine.  Accord- 
ing to  Bonhomme,  the  urine  of  infants  contains  no  acid  ; 
but  Weber  has  proved  the  contrary. 

An  infufion  of  tan  or  oak  bark  detects  the  gelatin,  and  Aftion&f 
the  quantity  of  coaguium  thrown  down  will,  in  general,  Ulu 
bear  a  certain  proportion  to  the  extractive  matter.     From 
four   ounces,  Cruickmank  obtained  four  grains  of  this 
kind  of  precipitate. 

Corrofive  muriat  of  mercury  has  no  immediate  effect  Muriat  of 
on  urine.     Urine,  however,   decomposes  many  metallic  mercurJr- 
folutions.      Lemery  diftinguiihed  by  the  name  of  the 
rofe-coloured  precipitate  a  magma  of  that  colour,  which 
is  formed  when  the  nitrous  folution  of  mercury  is  poured  Nitrat  of 
into  urine.     When  the  nitrat  of  mercury  in  folution  is  mercur>% 
added  to  fVefh  urine,  it  produces  a  rofy- coloured  precipi- 
tate, which  is  the  phofphat  of  mercury,  arifing  from  the 
decompofition  of  the  phofphats  in  the  urine.     Accord- 
ing to   Fourcroy,   this  precipitate  is  formed  partly  by  the 
muriatic  acid,  and  partly  by  the  phofphoric ;  and  Brong- 
niart  has  obferved,  that  this  fometimes  inflames  by  fric- 
tion.    According  to  Bonhomme,  the  nitrat  of  mercury- 
has    no   effect  on   the  urine  of    children }   but   in   old 
people,  it  produces  a  very  abundant  precipitate,  of  a  gray 
colour,  which  is  the  phofphat  of  mercury  ;  hence  he  con- 
cludes, that  the  phofphoric  acid  increafes  in  proportion  to 
the  age,  and  consequently  in  proportion  to  the  deftruction 
of  the  folids,  which  is  operated  by  age. 

Muriat  of  barytes  precipitates  the  phofphoric  falts.  Muriat  of 
By  this  method  four  ounces  of  urine  produced  a  precipi-  ai>tes- 
tate  with  it  of.  13  grains,  which  is  equal,  according  to 
Cruickmank,  to  about  24  or  25  grains  of  microcofmic 
fait,  confiding  of  fuch  a  mixture  of  the  phofphats  of 
foda  and  ammonia  as  are  ufually  met  with.  This  is 
therefore  a  teft  that  may  determine  whether -thefe  falts  are 
deficient  or  in  too  great  quantity. 
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Sujphat  of       Sulphat  of  iron  has  a  fimilar  effect  to  muriat  of  barytes, 

non.  '  J  t     * 

but  as  a  little  excefs  of  acid  might  prevent  the  feparalion 
of  the  phofphat  of  iron,  it  is  not  fo  certain. 
Aceme  of  Acetite  of  lead  being  decompofed  by  the  muriatic  and 
phofphoric  falts,  forms  with  the  laft:  an  infoluble  precipi- 
tate* but  the  muriat  of  lead  may  be  diflblved  by  18  or  20 
times  it's  weight  of  water.  This  reagent,  therefore,  gives 
a  ready  method,  according  to  Cruickfhank,  of  determin- 
ing their  relative  proportions ;  for  if  a  given  quantity  of 
urine  be  precipitated  by  this  fubftance,  the  precipitate 
dried,  and  digefted  in  20  times  it's  weight  of  diftilled 
water,  the  remainder  muft  be  phofphat  of  lead,  and  the 
quantity  taken  up  will  indicate  the  proportion  of  muriat 
of  lead.  Four  ounces  of  urine  gave  a  precipitate  of  31 
grains,  feven  of  which  were  taken  up  by  digefting  it  in 
diftilled  water;  the  remaining  24  grains  were  found  to  be 
phofphat  of  lead,  equivalent  to  23  or  24  grains  of  mi- 
crocofmic  fait. 


To  difcover      As  the  lithic  acid  and  phofphat  of  lime  are  generally 

th«  lithic  .  . 

acid  and      depoftted,   at  lea  ft  in  great  meafure,  after  the  urine  has 

phofphat  of 

lime  by 
Ciuick- 
flwuk' 


become  cool,  and  ftood  for  fome  time,  this  chemift  af- 
ferts,  that  they  may  be  eafily  diftinguifhed  by  diflblving 
method.  them  in  twice  their  weight  of  nitrous  acid  diluted  with  a 
little  water,  and  evaporated  to  drynefs ;  the  mafs,  when 
hot,  will  affume  a  beautiful  deep  rofe  or  crimfon  colour, 
if  the  lithic  acid  be  prefent,  but  will  continue  white  al- 
though heated  even  to  drynefs,  or  have  only  a  flight 
greenifh  tinge,  when  there  is  nothing  but  phofphat  of 
lime.  Their  relative  proportions  may  be  afcertained  by 
expofing  the  mixed  mafs,  for  fome  time,  to  a  red  heat  in 
a  crucible,  when  the  lithic  acid  will  either  burn  out  or 
evaporate,  leaving  the  phofphat  in  a  pure  ftate.  The 
quantity  of  the  f.rft  was  found  to  vary  exceedingly,  but 
the  laft  was  in  general  nearly  the  fame,  the  proportion 
being  about  one  gtain  to  two  or;  . 


And  their 

jel.uive 
proportions 
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The  urine  mav  be  confidered  both  chemicallv  and  me-  Ur*ne  cun" 
dically,  as  a  fluid  containing  the  faline  and  other  foluble  ftandardia 
parts,  that  are  not  only  ufelefs  in  the  animal  machine,  dteaXe.* 
but  which  might  hurt  and  derange  it's  rtm&ions,  if  not 
extricated  from  it;  and  fecondly,  as  an  evacuation,  thepro- 
portion  of  the  principles  of  which,  by  varying  with  the  ftate 
of  the  body,  becomes  a  fpecies  of  meaiure  by  which  the 
degrees  or  modifications  of  health  and  difeafe  may,  in 
fome  meafure,  be  known.  It  is  found  bv  experience,  that 
the  difengaged  acids,  and  the  phofphat  of  lime  it  con- 
tains in  particular,  undergo  very  lingular  changes  in  dif- 
eafes  of  the  joints  and  bones,  as  in  the  rickets,  &c.  A 
large  proportion  of  faccharine  matter  is  found  in  the 
urine  in  diabetes;  and  although  numerous  future  obfer- 
vations  are  wanting,  before  an  exacl:  knowledge  of -the 
eflfecls  of  difeafes  on  this  fluid  can  be  acquired,  yet  fome- 
thing  may  be  gained,  even  in  it's  prefetlt  infant  (late  of 
inveftigation,  For  inftance,  we  are  informed  by  Berthol- 
let,  that  the  urine  of  gouty  and  rheumatic  patients  habi- 
tually contains  much  lefs  phofphoric  acid  than  healthy 
urine  ;  but  during  the  accefs  of  the  gout,  a  larger  quan- 
tity than  ufual  (though  not  more  than  that  of  a  ftronrg 
perfon),  and  by  making  obfervations  on  the  urine  of  a 
perfon  very  fubjeel:  to  that  difeafe,  he  was  enabled,  at 
length,  to  know  with  certainty  by  the  quantity  of  acid 
in  it,  whether  or  not  he  had  an  accefs  of  the  difeafe. 

In  order  to  diftinguifh  the  difference  between  healthy 
and  difeafed  urine,  to  find  out  the  {hades  in  the  propor- 
tions of  their  component  parts,  "and  to  inveftigate  the 
changes .  th at  have  taken  place,  great  alMance  may  be 
had  from  reagents. 

Infufion  of  tan  or  bark,  as  before  obferved,  is  an  ex- 
cellent reagent  to  difcover  the  prefence  of  gelatin.  In 
healthy  urine;  when  the  ftomaeh  and  digeftive  functions 
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are  daily  exercifed,  it  is  faid,  that  no  precipitation  takes 
place  on  adding  this  infufion ;  but  in  all  gaftric  affec- 
tions^ and  in  thofe  difeafes  where  the  urine  is  more  or 
lefs  charged  with  gelatin,  it  produces  a  greater  or  lefs 
abundant  precipitation,  and  this  happens  in  all  cafes 
where  the  aflimilating  or  digeftive  powers  are  deranged  or 
impaired,  and  wherever  there  are  fymptoms  of  indigef- 
tion.  It  likewife  difcovers  the  flate  of  this  fluid  in  what 
have  been  called  nervous  and  fpafmodic  affections,  at  the 
approach  of  which  the  urine  will  be  moft  generally- 
found  tranfparent,  large  in  quantity,  and  abounding  in 
faline,  but  containing  fcarcely  any  extractive  matter. 
Similar  appearances  have  alfo  been  obferved  to  precede 
delirium  in  fevers.  This  ftate  may  be  difcovered  by  this 
infufion,  with  which  it  will  fcarcely  afford  any  precipi- 
tate ;   on  the  contrary,  Cruickfliank  found  that  the  acetite 

Acetite  of  of  lead  produced  inthefe  cafes  a  very  copious  precipitation. 

ea  '  The  nitrous  acid  has  much  the  fame  effects  as  the  mu- 

Nitrous 

acid.  riat  of  mercury.     In  fome  difeafes,  however,  particularly 

in  dropfy  or  anafarca,  this  ch  em  iff  found,  that  the  nitrous 
acid  produced  a  milkinefs,  and  in  fome  inftances  a  coa- 
gulation, (imilar  to  what  would  take  place  if  added  to  the 
ferum  of  blood.  In  dropfy,  the  general  difeafe  may  be 
eafily  diftinguifhed  from  that  arifing  from  a  difeafed  liver, 
or  other  morbid  vifcus,  both  by  this  acid  and  the 
corrofive  fublimate.  In  three  cafes,  Cruickfliank  in- 
forms us,  that  the  urine  coagulated  not  only  on  the  ad- 
dition of  this  acid,  but  likewife  by  heat  j  and  in  one  of 
them,  that  proved  fatal  in  fix  weeks,  the  urine  appeared 
to  differ  but  very  little  from  the  ferum  of  the  blood,  (o 
remarkable  was  the  coagulation  produced  by  heat  and 
acids.  On  the  contrary,  in  the  dropfy  arifing  from  a  dif- 
eafed liver  or  other  morbid  vifcera,  the  urine  does  not  co- 
agulate cither  by  nitrous  acid  or  heat;  it  is  ufually  fmall 
in  quantity,  high  coloured,  and  depofits,  after  Handing* 
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a  considerable  quantity  of  a  pink-coloured  fediment, 
which  may  be  efteemed  in  fome  meafure  "eharacteriftic 
of  a  difeafed,  or  rather  a  fcirrhous  liver.  On  examina- 
tion, it  was  found  to  con  lift  of  phofphat  of  lime,  fome 
animal  matter,  and  a  little  lithic  acid  ;  hence  in  morbid 
ftates  of  the  urine,  the  coagulable  part  is  detected  by  this 
acid,  and  even  by  heat. 

It  is  now  well  afcertained,  that  the  prefence  of  fugar  Pretence  of 
may  be  detected  in  the  urine  of  difeafed  people,  as  in  diabetic 
diabetes.     Willis  was  one  of  the  firft  who  found  that  this  urine* 
fluid,  in  a  diabetic  patient,  was  fweet   and  like  honey ; 
and  Dobfon  collected  one  ounce  of  faccharine  matter 
from  one  pound  of  this  kind  of  urine.     Home  informs 
us  in  his  Chemical  Lectures,  that  he  brought  this  urine 
to  ferment  into  a  liquor  flmilar  to  beer  ;  hence  he  looked 
upon  it  to  be  of  a  vegetable  nature,  fuppofing  no  other 
animalized  fluid  capable  of  that  fermentation. 

For  the  detection  of  fugar  in  urine,  even  in  fmall  quan- 
tity, Cruickfliank  added  twice  the  weight  of  nitrous  acid 
to  one  of  the  extract  obtained  by  evaporating  fome  dia- 
betic urine ;  he  then  evaporated  the  whole  to  a  very  fmall 
quantity,    and   found,   when   cold,  that  if  the  cryftals 
formed  in  it  be  all   of.  them  cubes,  or  rhomboids,   it  is 
certain  that  no   oxalic   acid  has   been  produced;  but  if 
{lender  needles   or  prifms  be   found  along  with  them, 
they  mould  be  carefully  feparated,  dried  on  blotting  pa- 
per,  and   thrown  into  limewater,  and  the  precipitate,  if 
formed,   muft  be  either  from  phofphoric  or  oxalic  acid ; 
if  it  has  the  refemblance  of  flocks,  and  fubfides  flowly, 
the  phofphoric  acid  is  the  precipitant ;  if  it  has  a  pow- 
dery form,   and  fubfides  quickly,   it  muft  be  produced 
by  oxalic   acid,   for  all   animal  fubftances,  according  to 
this  chemift,   do  not  yield  oxalic  acid;  the  extractive 
matter  of  healthy  urine,  and  the  pure  coagulated  part  of 
the  ferum  of  the  blood  .being  exceptions. 
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In  confirmed  diabetes  the  urine  is  fweet ;  this  chcmifi , 
in  one  cafe,  collected  by  evaporation,  from  thirty- fix 
ounces,  troy  weight,  of  urine,  three  ounces  one  drachm 
of  faccharine  extract,  which,  in  the  day,  would  have 
amounted  to  twenty-nine  ounces.  He  like  wife  found, 
that  this  faccharine  extractive  matter,  like  honev,  afford- 
ed no  faccholactic  acid  by  the  nitrous  acid,  confequent- 
ly,  that  it  does  not  contain  it's  bails,  which  fufficiently 
diiiinguifhes  it  from  the  faccharine  part  of  the  milk  of 
animals,  and  appears  to  prove,  that  it  is  nothing  more 
than  vegetable  fugar  mixed  with  a  greater  or  lefs  propor- 
tion of  animal  mucilage.  He  found  that  two  drachms  of 
dryifh  and  fweet  diabetic  extract,  yielded  with  twelve 
drachms  of  the  nitrous  acid  from  forty  to  fiftv  grains  of 
cryftallized  oxalic  acid,  which  is  nearly  the  proportion 
obtained  from  an  equal  quantity  of  common  fugar,  mak- 
ing allowance  for  the  water  and  faline  fubftances.  The 
nitrous  acid  detects  alfo  a  fmall  quantity  of  bile  during 
the  jaundice,  by  rendering  the  urine  green,  but  this  is 
better  detected  by  the  muriatic  acid  ;  when  therefore  the 
urine  ceafes  to  become  green  on  the  addition  of  either  of 
thefe  acids,  it  may  be  concluded,  that  the  obflruction  to 
the  paflage  of  the  bile  into  the  duodenum  is  removed, 
and  confequently  that  the  yellownefs  of  the  fkin,  &c. 
will  foon  difappear  ;  the  fulphuricacid,  in  fomemeafure, 
produces  the  fame  effect,  but  the  muriatic  is  preferable 
to  either  of  the  other  two. 

It  has  been  obferved,  that  muriat  of  mercury  has  no 
effect  upon  recent  healthy  urine,  but  it  has  been  found 
very  ufeful  in  detecting  the  condition  of  urine,  accom- 
panying the  acute  rheumatifm,  inflammation  of  the 
chert,  and  other  inflammatory  difeafes,  immediately  af- 
fording a  greater  ov  lefs  degree  of  milkinefs,  and  a  whit- 
ifh  precipitate  during  the  active  irate  of  the  difeafe  ;  when, 
however,  the  diforder  takes  a  favourable  turn,  this  effect 
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will  in  great  meafure  ceafe,  and  a  lateritious  fediment 
appears.  The  fame  happens  in  fevers  accompanied  with 
a  flrong  action  of  the  veffels  ;  but  in  thefe  cafes  the  late- 
ritious fediment,  which  never  fails  to  make  it's  appear- 
ance at  the  crifis  or  abatement  of  the  difeafe,  is  much, 
more  remarkable  and  conftant,  and  the  nitrous  acid, 
when  added  to  the  urine  before  the  depofition  takes  place, 
gives  it  a  pretty  deep  red  tinge.  Likewife  in  gout,  the 
termination  of  the  paroxyfms  is  moll  perfectly  indicated 
by  a  copious  lateritious  fediment,  and  when  this  fudden- 
ly  difappears,  and  the  urine  at  the  fame  time  affords  a 
precipitate  with  the  muriat  of  mercury,  a  fre'fti  attack  or 
relapfe  may  be  expected.  This  chemift  generally  found 
this  fediment  to  be  compofed  of  lithic  acid,  phofphat  of 
lime,  and  fome  peculiar  animal  matter,  but  little  foluble 
in  water.  Some  have  fuppofed  it  to  confift  entirely  of 
lithic.  acid,  but  this  generally  conflitutes  the  (mailed 
part. 

Bonhomme,  who  has  examined  the  different  ftates  of  Nitratof 
urine  by  the  nitrat  of  mercury,  and  particularly  the  dif-  ' 
ference  between  the  urine  of  old  people  and  that  of  thofe 
troubled  with  the  rachitis,  found  that  the  firft  contained 
a  much  greater  quantity  of  earthy  depofit  and  faline  ex- 
tract than  that  of  younger  fubjects ;  and  that  with  re- 
fpect  to  the  fecond,  the  urine  of  thefe  under  this  difeafe 
prefented  an  abundant  and  earthy  depofit,  which  differed 
in  appearance  from  that  of  old  people,  affording  no  phof- 
phat of  lime;  it  is  alfo  greater  in  quantity,  one  pound 
depoiiting  two  ounces,  whilft  that  of  the  firft  only  depo- 
sited forty-five  grains.  The  extract  from  that  in  rachitis, 
left  by  evaporation,  is  larger  in  quantity,  even  by  a 
third.  Hence  it  appears,  that  the  folids  in  rickets  are 
deflroyed  more  rapidly  than  in  old  people,  and  furnifh 
more  abundant  relics.-  Likewife  the  depofit  that  lirae^ 
water  occafions  in  the  urine  in  rachitis,  is  very  inconii- 
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derable,  of  a  brown  colour,  gelatinous  when  frefh,  and 
powdry  when  dried  ;  and  does  not  refemble  the  phofphat 
of  lime  in  any  refpedt.  Laftly,  the  precipitate  formed 
by  the  folution  of  the  nitrat  of  mercury  is  very  abun- 
dant, never  rofe-coloured  in  rickety  urine,  as  in  that  of 
adults,  nor  gray,  as  in  that  of  old  people,  but  always 
white  ;  hence  has  no  external  relation  to  the  phofphat  of 
mercury.  This  chemift  looks  upon  it  to  be  an  oxalat  of 
mercury.  When,  however,  the  rickets  was  cured,  the 
urine  became  again  the  fame  as  that  of  healthy  children, 
and  this  may  be  the  means  of  knowing  when  this  difeafe 
has  fubmitted  to  the  art  of  medicine. 
Acetite  of      For  the  acetite  of  lead,    vide  the  effects  of  tan  on 

lead. 

urine,  m  a  difeafed  Hate.  From  thefe  few  and  imperfect 
obfervations  on  the  action  of  reagents  on  healthy  and  dif- 
eafed urine,  it  may  be  concluded,  that  the  import- 
ance of  the  fubject  demands  a  more  extenfive  inveftiga- 
tion ;  which,  by  affording  a  more  perfect  collection  of 
faots,  would  be  capable  of  greatly  affifting  the  fcience  of 
medicine. 
Acids  fup-      ^s  feveral  acids  and  falls  are  related  by  fome  chemifts 

pofedtoex-        t  ••/•  •  • 

iftio  urine,  to  have  been  difcovered  in  healthy  urine,  it  may  be  necef- 
fary  to  give  fome  account  of  thofe  which  this  fluid  has 
been  fuppofed  to  contain,  and  the  miftakes  the.  invefti- 
gation  has  given  rife  to. 

It  was  fuppofed  by  Dr.  Prieftley,  that  recent  urine  con- 
tained fixed  air,  as  he  had  extracted  from  it  about  one 

Carbonic     fifth  of  it's  volume  of  that  acid  :  he,  however,  confeffes, 

acid.  * 

that  not  only  heat  was  neceffary,  but  even  continued  for 
feveral  hours.  Dr.  Percival  has  publifhed  an  account  in 
the  London  Medical  Journal,  of  having  nearly  faturated 
urine  with  fixed  air,  bv  merely  drinking  a  fufficient  quan- 
tity of  water,  impregnated  with  this  gas  :  but  the  errour 
of  thefe  two  philofophers  has  been  proved  by  Morveau, 
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who  hai  mown,  that  it  was  the  phofphoric  acid,  and  in 
a  difengaged  ftate,  as  difcoveredby  Berthollet. 

In  1740,  Haupt  affirmed,  that  there  was  a  peculiar 
fait  in  urine,  which  he  diftinguifhed  from  the  microcof- 
mic,  by  the  name  of  Jul  mirabile  perlafum,  and  which  in 
1737  Hellot  had  previoufly  found  in  prifmatic  cryftals, 
and  looked  upon  as  felenite.  Pott,  who  had  as  well  as 
Margraaf  obferved,  that  by  a  ftrong  heat,  it  afforded'  a 
white  vapour  and  no  phofphorus,  took  it  for  a  fpecies 
of  vitriolic  acid,  fomehow  connected  with  an  alcaline 
fait.  Rouelle  calls  it  the  fel  fufible  a  bafe  de  natron, 
and  looks  upon  it  to  be  the  animal  or  phofphoric  acid, 
united  with  natron  for  it's  hafis  :  this  celebrated  chemift 
has  defcribed  the  procefs  of  feparating  it  from  all  foreign 
matter,  in  a  very  exact  manner. 

In  I78I,  Prouft  undertook  it's  examination,  but  he 
denied  that  the  acid  was  the  phofphoric,  becaufe  the  fub- 
ilance  when  diftilled  in  the  dry  way  with  charcoal  af- 
forded no  phofphorus.  Having  obferved  that  it  was  de- 
composed by  vinegar,  which  deprived  it  of  it's  bafis, 
and  which  by  repeated  evaporation  afforded  the  acetite 
of  foda  ;  in  order  to  obtain  that  fubftance  pure,  which 
previoufly  neutralized  the  foda,  he  ufed  alcohol  in  order 
to  feparate  the  laft  portions  of  the  neutral  (alt  from  the 
mother  lye  of  the  cryftals.  Having,  therefore,  cryftal- 
lized  the  greater  part  of  the  acetite  of  foda,  he  poured 
on  the  mother  lye  eight  or  ten  times  it's  weight  of  hot 
fpirit  of  wine,  agitated  it  ftrongly,  until  the  acetous  fait 
was  ditfolved,  and  a  thick  matter  was  collected  at  the 
bottom  of  the  veffel  in  the  form  of  a  magma.  This 
matter  was  wafhed  in  frefti  hot  fpirit  of  wine,  afterwards 
diffolved  in  diftilled  water,  and  afforded  by  fpontaneoue 
evaporation  in  the  open  air  cryftals,  which  this  chemift 
looks  upon  as  a  body  Jin  generis,  and  which  he  places 
amongft  the  fimple  falts,  and  compares  to   the  acid  of 
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borax.  This  fait  was  afterward  placed  bv  Bergmann 
avfjongft  the  acid?,  in  his  Table  of  elective  attractions,  by 

Pcrlatcacid.  the  name  of  acidum  falis  perlati ;  and  Morvcau,  who 
looks  upon  it  not  as  a  difengaged,  free  acid,  becaufe  it 
changes  the  firup  of  violets  to  a  green  colour,  thinks, 
however,  that  an  acid  is  prefent,  although  the  method 
of  obtaining  it  has  not  yet  been  difcovered.  He  is  of 
opinion  that  it  performs  the  function  of  an  acid,  fince 
it  unites  to  different  bafes,  which  is  fufticient  to  give  it  a 
place  in  lhat  clafs  ;  and  he  has  dcfcribed  it  in  the  En- 

Acide  ouro  cyclopedie  Method,  bv  the  name  of  the  ouretk  acid.  From 

uq..c.  t]le  experiments  of  Klaproth,  it  has  now  been  proved, 

that  this  fuppofed  peculiar  acid  is  nothing  elfe  than  the 
phofphoric,  as  Rouellc  had  already  confidered  it,  united 
to  a  little  foda  ;  and  that  the  vinegar  ufed  by  Prouft  only 
extracted  a  part  of  this  foda  ;  for  if  a  folution  of  the  nitrat 
or  muriat  of  lime  be  poured  into  a  folution  of  perlat« 
fait,  a  precipitate  of  phofphat  of  Jime  immediately  takes 
place,  and  then  the  phofphoric  acid  may  be  feparated  by 
the  vitriolic  r.cid  in  the  manner  phofphorus  is  made;  and 
on  the  contrary,  if  pure  phofphoric  acid  be  faturated  with 
foda,  it  forms  the  real  perlate  fait,  or  acidum  perlatum. 

Oxalic  acid.  Another  acid,  that  has  been  faid  to  exift  in  urine,  is 
the  oxalic,  or  acid  of  fugar.  Henckel  had  obtained  fmall 
white  prifmatic  cryftals  from  fome  urine  that  had  been 
kept  well  clofed  for  three  or  four  years,  which  have 
iuice  been  faid  to  bethofe  of  the  acid  of  fugar,  although 
others  have  expreffed  their  doubts.  Brugnatelli  obtained 
an  acid  from  the  fediment  of  urine,  which  Leonhardi 
looks  upon  as  refembling  the  acid  of  fugar,  but  it  was  fa- 
turated with  lime.  It  mot  into  quadrilateral  white  cryf- 
tals,  foluble  in  cold  water,  deliquelced  in  the  air,  tatted 
four,  and  poileffcd  all  the  common  properties  of  an  acid. 
It's  folution  decompofed  all  calcareous  falts,  and  precipi- 
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tated  lime  -water,  and  vitriol  of  iron  of  a  white  colour. 
It  was  foluble   in  vitriolic  acid,  formed  with  potafh  an 
orange-coloured  faline   mafs,    which   after  edulcoration 
with  water  gave  colourlefs,  tranfparent,  prifmatic  needles 
in   cl ufters,  infoluble  in   cold   and  warm  water,  and  ex- 
pofed  to  fire  left  lime  and  alcali   behind.     The  acid  it- 
felf,  likewife,    after  fwelling    in   the  fire,    left  a  white 
lime.    That  from  the  red  fediment  of  urine  alfo  contain- 
ed fome  particles  of  iron.     This  acid,  therefore,  which 
fo  much  refembles  the  oxalic,  was  united  with  earthy 
parts  in  the  fediment,   and  with  ammonia  in  the  urine. 
There  is,  however,  every  reafon  to  fuppofe,  that  when- 
ever any  faccharine  acid  has  been  met  with  in  urine,  it  is 
in  confequence  ofdifeafed  digeftion;  for  Scheele,  who  was 
a  moft  accurate  and  experienced  chemift,  found  no  fuch 
acid  in  healthy  urine,  but  he  obtained   by  fmoking  acid  AcIfi  of 
of   nitre    what   appeared   to    be   the    fait  of   benzoin, 
and  which  he  fuppofed  to  be  united  with  volatile  al- 
cali. 

With  refpecT:  to  the  vitriolic  acid,  felenite  and  vitriol  Other  fub- 
of  potafh,  as  well  as  muriat  of  lime,  and  Glauber's  fait, 
which  Lauth  thought  he  had  found,  they  were  only  ac- 
cidental ;  and  his  filiceous  and  argillaceous  earths  pro^ 
bablv  arofe  from  the  utenfils  he  employed.  The  other 
fubftances,  faid  to  have  been  found  in  this  fluid,  are 
fcarcely  worth  mentioning }  Weftendorf  and  Gunther, 
however,  thought  they  had  difcovered  a  naphtha,  and  it 
was  the  opinion  of  the  celebrated  Bergman,  that  befide> 
the  different  faline  bodies,  it  contained  a  bilious,  fat 
matter. 

There  are,  however,  fome  well  grounded  fufpicions  of  Reafonabl* 
the  prefence  of  a  peculiar  fubftance,  or  rather  acid   i*anKoVn 
urine.     We  are  informed  by  Cruickfhank,  that  if  to  an  Jf,jJc£ 
ounce  of  extract  of  frefh  urine  the  fame  weight  of  con-  ^k. 
centrated  nitrous  acid,  diluted  with  an  equal  quantity  of 
c  c  2 
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water  be  added,  an  eflervcfcence  takes  place  with  beat, and 
nitrous  gas  is  difengaged ;  and  in  the  liquor  when  cool, 
a  number  of  mining  fcales  or  cryitals  arc  depofited,  refem- 
bling  the  acid  of  borax,  which  well  dried  weighs  from 
Ave  to  feven,  or  more  drachms.  Their  figure  appears  to 
be  flat  rhomboids,  fmouth  and  greafy  between  the  fingers, 
more  foluble  in  hot  than  cold  water,  in  fome  degree 
in  alcohol,  and  although  repeatedly  warned  with  this 
fluid  and  dried,  they  flill  retain  acid  properties,  ftronglv 
redden  violets,  are  eafily  taken  up  by  the  acids  of  vitriol 
and  common  fait,  without  commotion,  but  effervefce 
•  with  the  nitrous,  and  form  very  foluble  falts,  the  proper- 
ties of  which  have  not  been  fufficiently  examined.  Their 
folution  in  water  does  not  precipitate  lime-water,  nor  the 
muriats  of  lime  and  barytes,  nor  the  nitrats  of  fllver  or 
mercurv,  in  any  fcnfible  degree,  nor  has  it  any  efTeft  on 
the  fulphurof  iron  or  acetite  of  lead  ;  thev  neither  con- 
tain, therefore,  phofphoric  or  oxalic  acid  ;  when  thrown 
on  a  red  hot  iron,  they  melt  and  evaporate  into  a  white 
imoke,  leaving  a  very  final  1  quantity  of  a  charry  refiduum, 
by  no  means  difficult  to  incinerate,  but  when  expofed  to 
an  intenfe  heat,  they  burn  with  a  reddifh  flame,  and  a 
kind  of  detonation,  fomewhat  fimilar  to  nitrat  of  am- 
monia ;  hence,  fays  Cruickihank,  it  would  appear  that 
this  fubftance  is  an  animal  acid  hitherto  unknown,  and 
whofe  bafis  exifts  in  this  extractive  matter. 
By  t)r.  Another  teftimony  of  an  acid  in  urine  is  Dr.    Gaert- 

ner,  who  has  been  much  employed  in  experiments  on 
this  fluid.  He  found,  after  a  very  rigorous  examination, 
that  the  acid  of  urine,  which  he  took  for  the  phofphoric, 
only  refembled  it  in  a  few  properties,  and  that  it  poflefled 
others  totally  different  from  all  the  acids.  This  acid  is 
volatile,  and  expofed  to  a  ftrong  heat  is  fublimed  in  the 
form  of  flowers  ;  the  nitric  acid  does  not  convert  it  j  the 


(i^crtner. 
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nitric,  muriatic,  and  fulphuric  acids,  precipitate  it  from 
it's  alcaline  and  earthy  combinations,  partly  in  the  form 
of  gas,  and  partly  under  that  of  a  fixed  acid  ;  it  forms  by 
evaporation  a  fcaly  fait,  which  is  not  changed  on  expofure 
to  the  air,  and  which  expands  the  odour  of  the  gafeous 
acid.  Dr.  Gaertner  afks,  whether  it  may  not  hold  the 
medium  between  the  benzoic  and  lithic  acids  ? 

The  exiftence  of  the  phofphoric  acid,  whether  com-  Difengagcd 
bined  or  free  in  urine,  was  unknown  to  the  ancients  ;  a  Jcid^1 
few  observations,  indeed,  on  the  effects  of  this  fluid  had  uril 
been  made,   but  they  had  no  idea  that  it  was  owing  to 
any  particular  acid,  and  it  was  not  even  fufpected  to  ex- 
ift  until  the  difcovery  of  the  effential  fait  of  urine,  and 
of  phofphorus,  in  which  it  exifts  in  a  ftate  of  combina- 
tion,  {vide  phofphoric  acid).     The  difcovery  of  it's  being 
prefent  in  urine,  in  a  difengaged  Hate,    is  much  more 
recent.    Roucllc  had  obferved,  that  at  a  certain  time  pre- 
ceding putrefaction,  this  fluid  changed  the  firup  of  vio- 
lets to  a  red,  and  Macquer  proved  that  the  urine  of  thoije 
with    bad    digeftion  reddened    an    infufion  of  litmus ; 
but  Berthollet,   extending  his  refearches  much  farther, 
found  that  the  urine  of  people  who  enjoy  the  beft  health 
has   the  fame  property  ;  and  that  it  depends  upon  the 
prcfence   of  the  phofphoric  acid  in  a  difengaged  ftate. 
To  be  convinced  of  this,  when  lime  water   is  poured 
into    recent  urine  a  white  powder  is  depofited,  which  is 
the  phofphat   of    lime.     Berthollet  is  of   opinion,  that 
this  acid   becomes   afterward  faturated  with  the  volatile 
alcali,   formed   by  putrefaction,  or  the  action  of  heat, 
which  Morveau  thinks  may  be  admitted,  without  ex- 
cluding the  idea   of   a  portion  of  it   having  been  pre- 
viously faturated  with  the  fame  bafis.     Berthollet  alfo  re- 
marks, that  when  lime  water  is  poured  into  recent  urine, 
it  not  only  takes  hold  of  the  uncombined   acid,  but  alfo 
c  c  3 
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Microcof- 
mic  fait. 


When  dif- 
cjvtred. 


of  that  portion  united  to  an  alcaline  bafis,  from  it's  greater 
affinity  with  lime. 

The  crvftallized  mafs  obtained  on  the  evaporation  of 
urine,  forms  a  fait  which  was  called  native  phofphat,  or 
phofphoric  fait  of  urine,  or  rnicrocofmic  fait;  it  has 
likewife  gone  by  the  name  of  fuiible  fait,  from  it's 
melting  on  expofure  to  heat.  According  to  Spielmann, 
Schockwitz  is  the  firft  who  defcribed  this  fait,  in  a 
thefis  at  Halle,  in  1699;  but  Pott  attempts  to  prove,  it 
was  difcovered  before,  and  quotes  Raymond  Lully,  Ifaac 
Holland,  and  Van  Helmont  for  this  purpofe,  but  he 
allows,  the  traces  of  it's  being  mentioned  in  their  works 
are  very  obfcure  ;  it  is,  however,  very  extraordinary,  that 
chemifts  had  been  fo  tardy  in  the  examination  of  it, 
fincc  it  appears  fpontaneoufly  in  the  refiduum  of  urine, 
after  evaporation. 

Boerhaave,  in  defcribing  the  procefs  of  obtaining  the 
rnicrocofmic  fait,  has  as  well  as  Henckel  recommended 
the  urine  of  healthy  people  ;  others  from  infants,  or  from 
thofe  whofe  only  beverage  has  been  beer  or  wine  ;  and 
fome  have  even  advifed  it  to  be  taken  during  the  months 
of  March,  April,  or  May.  It  is  very  poffible  that  urine 
is  more  or  lefs  charged  with  this  fait,  according  to  the 
nature  and  quantity  of  the  aliments  ;  and  it  is  very  evi- 
dent that  the  derangement  of  the  animal  functions  muft, 
to  a  certain  point,  influence  the  nature  of  the  excretions  ; 
but  in  general,  as  the  celebrated  Pott  has  obferved,  there 
is  no  occafion  to  be  fo  fcrupulous,  as  all  urines  without 
difti  notion  afford  a  fufficient  quantity  of  this  fait.  There 
was,  however,  another  difference  amongft  chemifts,  and 
Haupt  and  Margraaf  affirmed  againft  Boerhaave  and 
Henckel,  that  putrid  urine  was  the  beft,  and  this  was 
adopted  by  Venel,  Villermoz,  and  feveral  others.  It  may 
From  putrid  be  added,  that  Margraaf  abridged  the  length  of  the  ope- 
5%r»f,    ration;  for  after  evaporation,  inflead  of  one  year's  repofe. 


Obtained 
from  frefh 
tirtnte  by 

Boerhaave. 
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m  order  to  feparate  the  eryftals,  as  Boerha-ave  had  done, 
Margraaf  demanded  only  one  month,  and  Schiofler  re- 
duced it  to  a  finale  night. 

The  labours  of  Rouelle  jun.  and  Prouft  threw  new  Thepwcfi 
light  on  this  fubjecl,  and  inftead  of  furmifes,  reduced  by  Rouelle..' 
it  to  principles.  Rouelle  faw  very  well,  that  whether  by 
putrefa&ian,,  or  :the  heat  of  ebullition,  a  quantity  of 
volatile  alcaU  was  difengaged  from  the  urine,  which 
leaving  the  acid  without  a  bads,  retarded  and  diminifhed 
the  production  of  eryftals  ;  hence  to  avoid  that  incon- 
venience, and  more  completely  to  feparate  the  common  fait, 
he  advifes  the  urine  to  be  evaporated  to  the  confidence 
of  firup,  to  be  filtered  when  hot  through  linen,  adding 
at  the  fame  time  a  neceflary  quantity-  of  water  to  prevent 
cryftallization.  The  fmall  quantity  of  phofphoric  fait 
remaining  on  the  filter  with  the  common  fait  and  fele- 
nite,  is  eafily  recovered  by  cold  water,  and  then  is  added 
to  the  filtered  liquor.  This  liquor  is  then  gently  evapo- 
rated by  heat  if  neceflary,  and  when  cool  volatile  alcali 
is  added,  and  the  eryftals  are  obtained  in  abundance,  or 
it  is  left  to  evaporate  in  the  open  air,  which  is  more  dif- 
ficult. Whatever  procefs  is  ufed,  the  fait  of  the  firft 
eryftallization  is  never  pure  ;  it  is  foiled  by  the  extractive 
matter,  and  contains  always  a  little  common  fait,  and 
fal perlatum,  before  mentioned. 

Since  the  greater  part  of  the  fait  evaporates  by  heat,  By  de 
the  Duke  de  Chaulnes  has  recommended  a  procefs  which 
purifies  it  with  the  leaft  poflible  lofs  ;  it  confifts  in  difr 
folving,  filtering  and  cooling  the  folution  in  well  clofed 
vefTels,  by  which  means  the  real  phofphoric  fait  is  ob<- 
tained  cryftallized  in  very  flat  vhomboidal  quadrilateral 
prifms,  and  is  now  called  by  chemifts  the  phofphat  of 
ammonia,  and  above  thefe  eryftals  is  the  perlate  fait,  or 
phofphat  of  foda,  in  cubes,  or  rather  long  fquare  tablets, 
&nd  very  different  from  the  other. 
CC4 
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Although  thcfe  two  falts  were  fuppofed  to  be  pure,  it 
is  fuicc  found  that  each  is  a  triple  fait,  the  firft  formed  of 
a  large  proportion  of  phofphat  of  ammonia,  and  a  little 
phofphat  of  foda,  and  the  fecond  in  a  contrary  propor- 
tion. 
Triple  fait        The  triple  phofphat  of  ammonia  is  a  fait  the  cryftals 

of  ammonia.     r      .  .   .  ,.  iin  •  r 

of  which,  according  to  Rome  de  1  Ille,  are  in  the  form  of 
tetracdral  rhomboidal  prifms,  very  comprefled,  often 
truncated  in  their  length,  and  on  their  angles,  from  which 
hexagonal  prifms  arife  refembling  Rochelle  fait.  Longitu- 
dinal fegmentsof  thefe  prifms  are  not  uncommon.  The  fide 
placed  on  the  capfule  is  larger  and  more  fmooth  than  the 
others,  fomewhat  rhomboidal,  and  eafily  known  by  two 
diagonal  lines  which  cut  each  other  in  the  centre.  Ac- 
cording to  Fourcroy,  the  tetracdral  and  o&oedral  forms  are 
only  found  when  jtbis  fait  contains  a  good  deal  ot  muriat 
and  phofphat  of  foda.  The  muriat  appears  more  particu- 
larly to  modify  it  to  the  o&oedral  form,  fince  on  difiblv- 
ing  the  firft  fait  in  urine,  and  expofing  it  to  the  fun,  in  a 
few  days  regular  ocloedral  cryftals  are  obtained. 

The  favour  of  this  triple  fait  is  at  firft  cool,  then  uri- 
nous, bitter,  and  pungent.  Expofed  to  the  blowpipe, 
it  fwells,  emits  an  odonr  of  ammonia,  and  melts  into  a 
deliquefcent  vitreous  globule. 

Diftilled  in  a  retort,  a  very  penetrating  and  cauftic 
ammonia  is  difengaged,  the  refidue  is  a  very  fixed  and 
fuflble  tranfparent  glafs  that  attacks  the  retort.  Mar- 
graaf  fays,  it  prefents  the  characters  of  an  acid  :  Rouelle 
aflerts  it  is  deliquefcent :  Morveau,  on  the  contrary,  be- 
lieves, that  by  a  ftrong  heat  it  may  be  reduced  to  a  fixed 
vitrified  ftate. 

According  to  feveral  modern  chemifts,  this  glafs,  which 
ftill  retains  a  portion  of  phofphat  of  foda,  is  always  opake, 
or  eafilv  fufceptible  of  becoming  fo  3  it  is  only  the  pure 
artificial  phofphat  of  ammonia  that  affords  a  tranfparent 
glafs,  like  the  phofphoric  acid  itfelf. 
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This  fait  changes  very  little  on  expofure  to  air.  It  is 
very  foluble  in  water,  requiring  only  five  or  fix  parts  of 
cold  water  ;  at  a  heat  of  60°,  a  part  of  it  is  decompofed 
by  this  fluid,  and  a  portion  of  it's  acid  even  is  volatiliz- 
ed. It  is  decompofed  by  the  cauftic  fixed  alkalis  and 
lime,  and  the  ammonia  is  feparated  ;  if  limewater  be  ad- 
ded to  it's  folution,  a  white  precipitate  of  phofphat  of 
lime  is  obtained  ;  the  alkaline  and  earthy  carbonat  alfo 
decompofe  it,  and  the  ammonia  is  feparated  in  the  form 
of  a  carbonat.  It  caufes  the  fufien  of  filex,  alumine, 
barytes,  magnefia,  and  lime,  but  thefe  vitreous  compo- 
fltions  belong  to  the  phofphoric  acid,  and  the  phofphat 
of  foda,  fince  the  ammonia  efcapes  before  the  fufion  takes 
place.  When  treated  with  charcoal  in  clofe  vefTels, 
phofphorus  is  obtained.  With  refpeel  to  the  action  of 
the  acids,  metals,  and  their  oxides  on  this  fait,  it  depends 
on  the  attra&ion  the  phofphoric  acid  has  for  the  alka- 
line bafes  of  the  fait,  thefe  metals,  and  their  oxides. 

The  triple  fait  of  foda  had,  as  before  obferved,  been  TripU  fait 
taken  for  an  acid,  by  Bergman,  called  the  perlat ;  byofljoda'  °r 
Morveau,  the  ouretic  acid,  till  Klaproth  proved  the  acid  in 
it  to  be  the  phofphoric. 

The  firft  chemifts  who  examined  it  found,  that  the 
great  difference  between  it  and  the  preceding  fait  con- 
fided in  affording  no  phofphorus  when  mixed  with  char- 
coal ;  but  according  to  Rouelle,  who  beft  knew  it's  pro- 
perties, the  cryftals  of  the  perlate  fait,  or  triple  fait  of 
foda,  are  flat,  irregular,  long  tedraedral  prifms,  one  of 
the  extremities  of  which  is  diedral,  and  compofed  of  two 
rhomboids  cut  tranfverfcly,  and  the  other  adheres  to  the 
bafis.  The  four  fides  of  the  folid  are  two  pentagons, 
irregular,  alternate,  and  two  lengthened  rhomboids. 

Expofed  in  a  crucible,  it  melts  into  a  white  opakenefs  ; 
heated  in  a  retort,  it  affords  a  phlegm  llightly  ammonia- 
cal,  and  the  refidue  is  a  glafs  much  more  opake  than  that 
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from  the  triple  phofphat  of  ammonia.  This  fait,  when 
expo  fed  to  the  air,  effervefces,  and  falls  into  a  powder. 
It  is  foluble  in  diftilled  water,  which  changes  the  firup 
of  violets  green,  and  it  may.be  cryftallized  on  evapora- 
tion. It  is  decompofed  by  nitrat  of  lime  ;  the  precipitate 
is  phofphat  of  lime,  and  the  water  affords  nitrat  of  foda. 
It  is  alfo  decompofed  by  the  nitrat  of  mercury.  Alfo  by 
Jime,  for  if  limewater  be  poured  into  a  folution  of  this 
fait,  a  precipitate  is  formed,  and  the  foda  remains  pure 
and  cauftic  in  folution.  Likewife  by  the  acids.  It  is  not 
decompofed  by  charcoal  like  the  phofphat  of  ammonia, 
and  it  is  equally  curious  that  the  phofphoric  acid,  when 
added  in  excefs  to  the  phofphat  of  foda,  leaves  it  the  pro- 
perty of  changing  the  firup  of  violets  green.  Laftly,  this 
phofphat  of  foda  always  contains  a  little  phofphat  of  am- 
monia, and  this  laft  always  plays  it's  part  in  every  com- 
bination it  is  made  to  underp-o. 

Hence  it  appears,  that  the  fait  obtained  by  the  cooling 
and  repofe  of  urine,  when  evaporated,  and  which  from 
it's  melting  by  heat  was  originally  called  fufible  fait, 
the  effential  fait  of  urine,  or  microcofmic  fait,  is  princi- 
pally compofed  of  thefe  two  triple  falts,  which  only  differ 
from  each  other  in  the  proportions  of  the  two  alkalis;  but 
as  it  would  be  trefpaffing  too  much  on  the  defign  of  this 
work  to  enter  into  a  more  minute  detail  of  them,  it  will 
Remarks  of  be  neceffary  to  conclude  with  a  few  obfervations  of  Four- 
ourcroy.  cr0y^  jje  fo^^  after  various  trials,  that  it  was  impof- 
iible  completely  to  feparate  them,  fo  intimate  is  their 
combination.  He  found,  that  after  keeping  a  few  pounds 
of  this  fait  of  the  firft  cryftallization,  for  about  fix  years, 
in  a  well  covered  glafs  bottle,  a  very  fenfible  mufk  or 
amber  odour  had  fucceeded  it's  peculiar  foetid  odour; 
that  this  fufible  fait,  which  efflorefces  in  the  air,  always 
greens  violet  paper  ;  and  this  effect  is  produced  whether 
the  cryftals  be  obtained  at  the  beginning  or  end  of  the 
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operation,  /.  e.  whether  they  be  phofphat  of  foda  and  of 
ammonia,  or  phofphat  of  foda  almoft  pure.  This  is  the 
more  lingular,  fince  it  is  proved  that  urine  on  evapora- 
tion lofes  feme  of  it's  ammonia,  without  lofing  the  phof- 
phoric  acid  in  proportion,  and  in  confequence  becomes 
acid  ;  yet  the  fait  obtained  greens  inftead  of  reddens  the 
blue  of  the  yiolet.  Another  not  lefs  remarkable  circum- 
flance  is,  that  this  fait  expofed  a  long  time  to  the  air 
entirely  pafles  to  the  (late  of  phofphat  of  foda,  which  al- 
ways greens  violet  paper.  The  phofphat  of  ammonia, 
therefore,  appears  to  be  completely  volatilized  by  the 
fimple  heat  of  the  atmofphere,  as  Rouelle  and  Chaulnes 
had  already  obferved.  The  different  triple  falts  obtained 
from  it  all  afford  ammonia  by  lime.  To  find  the  exacl: 
proportions  in  this  fait,  Fourcroy  diflblved  it  in  cold  wa- 
ter, and  precipitated  it  by  limewater;  the  precipitate 
collected,  dried,  and  weighed,  then  faturated  with  mu- 
riatic acid,  and  evaporated,  and  the  weights  of  the  mu- 
riats  of  foda  and  ammonia  obtained,  gave  the  proportions 
of  the  phofphats  of  foda  and  ammonia.  He  found  that 
pne  hundred  grains  of  this  fufible  fait  of  urine  afforded^ 

grains. 
Of  ammonia     1 9 

foda      24 

phofphoric  acid  ....  32 

water    > 25 


100 

Befides  the  combinations  of  ammonia  and  foda  with 
phofphoric  acid  in  urine,  it  likewife  contains  the  muriat 
of  foda,  the  phofphat  of  lime,  and  the  lithic  acid  \  for 
which  two  laft,  vide  Bones  and  Acids. 

According  to  Leibnitz,  phofphorus  was  firft  procured  Phdjfphwa 

.  obtained 

from  urine  by  Brandt,  about  the  year   1667,  as  he  was  from  urim^ 
endeavouring  to  obtain  a  liquor  from  this  fluid,  in  order 
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to  convert  filver  into  gold.     He  made  this  difcovery  a 
little  time  after  Random  had  found   the  phofphoric  pro- 
perty of  the  Bolognian   (tone.     Brandt  communicated 
this  difcovery  to  Kraft  and  Kunckel,    who  affocialed  to- 
gether in  order  to  find  out  the  fecret ;  but  the  one  having 
acquired  it  for  himfelf  alone,  Kunckel,  who  knew  only 
that  it  was  procured  from  urine,  made  the  attempt  and 
fucceeded.     This  fuccefs  not  being  the  effect  of  chance, 
chemifls  have  thought  proper  to  give  him  the  "honour  of 
the   difcovery  of  phofphorus,    by  naming   it   Kunckel' s 
phofphorus.     Kraft  either  told  Boyle  the  fecret,  as  Stahl 
affirms,  or  Morveau  thinks,  gave  him  a  fpecimen  of  the 
production.    Kunckel,  and  a  German  chemift,  Hatwitz, 
who  worked  in  the  laboratory  of  this  Englifli  philofopher, 
were  a  long  time  the  only  perfons  who  prepared  phofphorus 
in  quantity,   and  from  it's  having  been  fold  by  the  laft  to 
mod  of  the  philofophers  of  Europe,  it  received  the  name. 
In  England,  of  Englijl)  phofphorus.     Although  from    1680,  to  the  be*- 
ginning  of  the  prefent  century,  a  great   number  of  re- 
ceipts for  making  phofphorus  had  appeared,   and  amongft 
others,  thofe  of  Boyle,  Kraft,  Brandt,  Romberg,  Teich- 
meyer,    Hoffmann,    Albinus,  and  even   Kunckel,  who 
had  publifhed  his  own  procefs  in   a  work  entitled,   The 
Chemical  Laboratory,   yet  the    procefs  was   not  generally 
France.       known  ;  and  the  firfl  time  it  was  repeated  in  France,  was 
bva  foreigner,  in  1737,  who  performed  it  in  the  Royal 
Garden,  in  the  prefence  of  four  chemifls  of  the  academy, 
Procefs  by   Hellot,  Dufay,  Geoffroy,  and   Duhamel,  and  the  pro- 
cefs fucceeded.     Hellot  afterward  deforibed  it  in  a  me- 
moir for  the  year  1737  of  that  fociety.     This   operation 
confifls  in  evaporating  five  or  fix  barrels  of  urine  until  it 
becomes  grumous,  black,  hard,  and   mining;  the  refi- 
duum  calcined  in  an  iron  pot,  the  bottom  of  which  is 
made   red  hot,  until  there  is  no  more  fmoke,  and  there 
arifes    the  odour  of  peach  flowers.     It  is  then  lixiviated 
with  twice  the  quantity  of  warm  water,  and  then  exfic- 
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cated  after  decantation.  Three  pounds  of  this  are  to  be 
mixed  with  one  and  half  of  fand,  and  four  or  five  ounees 
of  beech  charcoal,  then  moiftcned  with  half  a  pound  of 
water,  and  put  into  a  Heffian  retort.  It  is  eiTaved  firft 
by  a  red  heat  in  a  crucible ;  for  when  a  violet  coloured 
flame  and  a  garlic  fmell  arife,  it  will  produce  phofphorus. 
The  retort  is  then  placed  in  a  furnace,  and  a  large  receiver 
is  fitted  to  it,  one  third  part  of  which  is  filled  with  water. 
This  receiver  muft  have  a  hole  pierced  through  it,  which 
Hellot  looks  upen  as  very  neceffary,  in  order  to  fucceed. 
Three  or  four  days  after  this  preparation,  a  gentle  heat  is 
applied  to  dry  the  furnace  and  lutes ;  it  is  then  increafed 
to  the  utmoft  violence,  and  kept  up  for  fifteen  or  twenty 
hours.  The  phofphorus  only  comes  over  fourteen  hours 
after  the  beginning  of  the  operation,  which  lads  for 
twenty-four  hours  ;  a  large  quantity  of  carbonat  of  am- 
monia arifes,  which  is  in  part  diflblved  by  the  water. 
The  volatile  or  aeriform  phofphorus  arifes  firft  in  lumi- 
nous vapours,  then  the  real  part  runs  like  an  oil  or 
melted  wax..  When  no  more  comes  over,  it  is  left  to 
cool  for  two  days,  the  lute  is  taken  off,  and  water  is  added 
to  that  in  the  receiver  to  detach  the  phofphorus  adher- 
ing to  it's  (ides.  It  is  then  melted  in  boiling  water,  cut 
into  lmall  pieces,  which  are  introduced  into  glafs  tun- 
nels, (matrafs  necks)  and  plunged  into  boiling  water. 
The  phofphorus  melts,  purifies,  and  becomes  tranfpa- 
rent  from  the  feparation  of  a  blackifh  matter  which  rites 
above  it.  It  is  then  put  into  cold  water,  in  which  it  be- 
comes hard,  and  it  is  extracted  from  the  tunnels  by 
pnfhing  it  with  a  ftiek.  Such  is  the  procefs  defcribed  by 
Hellot,  [vide  Phofphoric  Acid).  According  to  Macquer, 
however,  the  firft  time  that  Rouelle  tried  this  method,  it 
did  not  fucceed  from  the  failure  of  the  retort,  but  he 
after vvard  repeated  the  operation  in  his  chemical  lectures. 


&§&  EXCREMENT'. 

and  from  it's  length  arid  labour,  he  was  the  only  chemift 

who  repeated  it. 

improved         In  1743,  Margraaf  publifhcd   a  method  of  extracting 
rv  Mar-  /       '  o  1  o 

graaf.  it  more  eafily.     The  urine  is  firfl  reduced  to  the  confift- 

ence  of  honey,  and  nearly  three  barrels  are  neceflary  for 
one  ounce  of  phofphorus  ;  during  the  evaporation  a  few 
ounces  of  tallow  are  cafl  into  the  veffel  to  (lop  the  rifing 
up  occasioned  by  the  heat.     Ten  pounds  of  this  extract 
are  then  mixed  with  fome  muriat  of  lead  (plomb  come) 
the  refiduum  of  thediftillation  of4lbs.  of  minium  and  2lbs. 
of  ammoniacal  muriat,  and  half  a  pound  of  pulverized 
charcoal  is  added.     This  is  then  to  be  flirred  in  an  iron 
pot  until  it  is  reduced  to  a  black  powder,  then  diflilled  in 
a  retort  by  a  gradual  heat  to  extract  the  carbonat  of  am- 
monia, the  fetid  oil  and  the  muriat  of  ammonia,  taking 
care  not   to  pufh  the  heat  until  the  retort  is  fomewhat 
red,  and  the  black  and  fufible  refidue  is  the  matter  from 
which   the  phofphorus   is   extracted.     It  is  eflayed  by 
calling  a  little  of  it  upon  red  hot  coals  ;  if  there  arife  a 
blue  flame,  and  a  garlic  fmall,  it  is  well  prepared.     A 
Heffian  retort  is  then  filled  with  it  even  to  |,  is  placed 
in  a  furnace  with  a  receiver  adapted,  having  a  hole  in  it, 
and  half  filled  with  water,  well  luted,  and  here  it  is  left  to 
dry  a  day  or  two,  and  then  the  diftillation  is  begun  by  a 
gradual  heat.     This  lads  from  fix  to  nine  hours,  accord^ 
ing  to  the  quantity  of  matter.     The  phofphorus  is  then 
rectified  by  a  very  gentle  diftillation,  in  a  glafs  retort, 
with  a  receiver  half  filled  with  water.     This  procefs  was 
practifed  with  fuccefs  by  the  academicians  of  Dijon,  in 
their  firfl  courie  of  lectures,  in  1776,  but  the  noifome 
odour  which  arofe   on  mixing  the  muriat  of  lead   with 
the  extract  of  urine  would  have  prevented  it's  being  con- 
/  tinued,  and  although  almofl  all  the  chemifls  were  obliged 
to  make  ufe  of  this  method,  the  difcovery  of  procuring  it 
from  other  materials  rendered  it  unneceflary. 
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It  appears  that  the  procefs  of  Margraaf  only  differs  Thediffer- 
from  that  of  Hellot  by  ihe  addition  of  muriat  of  lead,  twetntbtm. 
and  by  the  operation  being  performed  at  twice,  but  the 
moft  curious  part  is,  that  this   Pruffian  chemiit  has  de- 
termined what  the  fubftance   contained  in  urine  is,  that 
ferves  to  form  the  phofphorus.     On  diftilling  a  mixture 
of  fufible  fait  and  charcoal,  he  obtained  a  beautiful  phof- 
phorus, and  he  obferved  that  the  urine  from  which  this 
fait  was  extracted  afforded  fcarcely  any  of  this  combuf- 
tible  fubftance;  hence  it  muft  be  a  condiment  part  of 
this  fait  that  contributes  to  the  formation  of  phofphorus, 
and   this   fubftance  is  eafily  obtained  by  diftilling  two 
parts  of  glafs  obtained  from  this  fait  decompofed  in  a 
crucible  or  retort,  with  one  part  of  powdered  charcoal. 
This  operation   requires  lefs  time   and   heat  than  thofe 
already   defcribed,  fince  according  to  Proud,  the  phof- 
phorus runs  in  a  quarter  of  an  hour;  but  although  this 
procefs  is  the  beft  to  extract  phofphorus  from  urine,  there 
are  feveral  obfervations  to  be  made.     1.  Very  little  phof- 
phorus is  obtained;  for  the  vitreous  refidue  of  the  decom- 
position of  ammomacal  phofphat  by  heat  is  not  pure 
phofphoric  acid,  but  combined  with  foda,  which  is  not 
decompofablc  by  charcoal ;  hence  one  ounce  only  affords 
one  drachm  of  phofphorus  at  moft.   2.  When  the  fufible 
fait   is  prepared  by   evaporation,    and  cooling  in   large 
quantity,  a  great  deal  of  phofphat  of  foda  is  mixed  with  it, 
which  affords  no  phofphorus.     From  thefe  two  remarks, 
therefore,  it  appears  why  fo  little  phofphorus  is  obtained 
on  diftilling  fufible   fait  with  charcoal ;  and  perhaps  the 
fame  fait  entire,  diftilled  with  coal  and  muriat  of  lead, 
may  afford  more,  fince  this  laft  appears  to  have  the  pro- 
perty of  decompofing  the  phofphat  of  foda  5  and  we  are 
informed  by  Morveau,  that  Black  made  the  experiment; 
for  being  affured  that  the  fait  formed  of  phofphoric  acid 
and  foda  was  no*  decompofed  by  charcoal  aflifted  by  heat, 
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he  attempted  this  decompofition  by  the  nuiriat  of  lead, 
and  he  fucceeded  in  obtaining  phofphorus,  which  proves 
the  advantage  of  Margraaf's  method.  The  difagreeable 
ftench  arifing  from  the  evaporation  of  urine,  and  the 
labour  required  in  the  proeefs  for  procuring  this  coin- 
buftible  fubftance,  were  however  great  reafons  for  dif- 
continuing  the  practice,  and  the  method  of  extracting 
it  from  bones,  as  difcovered  by  Gahn  and  Scheele,  which 
is  eafy  and  pleafant,  has  entirely  put  an  end  to  the  pro- 
curing of  it  from  this  fluid.. 
Fourcrov  Having  thus  given  fome  account  of  the  experiments 
and  yau-    ^h^  nave  Deen  made  on  urine,  and  of  the  matters  which 

tjuelin  dif- 

cover  a  new  have  been  fuppofed  to  exift  in  it,  or  are  confldered  as 
and  call  it  forming  part  of  it's  conftituent  principles,  it  remains  to 
ure«.  detail  the  analyfis  and  obfervations  of  Fourcroy  and  Vau- 

quelin,  who  have  found  a  peculiar  matter  in  this  fluid 
to  which  they  give  the  name  of  ur,h  It  appears  this 
matter  forms  the  greater  portion  of  the  competition  of 
this  fluid  -,  to  it  is  owing  it's  odour,  favour,  and  the 
changes  it  undergoes  ;  and  it  is  by  rcafon  of  this,  that 
urine  differs  from  all  other  animal  fluids,  fince  it  charac- 
terizes it's  nature,  and  without  it  this  fluid  would  no 
longer  be  what,  it  really  is. 
which  had  With  refpecl:  to  the  difcovery  of  this  peculiar  fub- 
teen  nightly  ftance,  Rouelle  the  younger  is  the  firft  that  has  given 

-obi'ervedbe-  '  \  r 

fore.  any   precife   idea  of  it.     Indeed  the  generality  of  thofe 

who  have  examined  this  fluid  chemically  feem  to  have 
had  fome  little  notion  of  it,  but  they  did  not  take  fuffi- 
cient  notice  fo  as  to  form  any  knowledge  of  it's  proper- 
ties. It  is  undoubtedly  this  matter,  the  tinging  quality  of 
which,  and  property  of  giving  different  (hades  of  colour  to 
this  excrementitious    liquid   according  to  it's  quantitv, 

By  Bellini.  Bellini  had  c>bferved  ;  but  being  entirely  taken  up 
with   the  coloration  of  urine,  he  never  thought  of  exa- 

feerliaav«.  mining  the  nature  of  the  colouring  matter.     Boerhaave, 
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fpeaking  of  a  fort  of  fapa,  or  extract  of  urine,  compares 

it  to  a  kind  of  honey,  and  defcribes  it  as  bitter,  fharp? 

and  not  alkaline.     Margraaf,  in  defcribing  the  fait  of  Margraaf. 

urine  that   affords  phofphorus  on  diftillation,  fays,  that 

a  fat  matter,  ox  faces  pingues,  is  depoiited  with  it,  which 

affords  a  fpirit  of  fait  and  fome  oil  by  diftillation.     Pott,  Pott, 

SchlofTer,  Haupt,  and  others,  likewife  perceived  it ;  and 

it  is  impoffible  for  it  to  have  entirely  efcaped  the  notice 

of  chemifts,    who   have   examined    urines    by  different 

means,  although  they  have  faid  nothing  in  particular 

of  it. 

Rouelle  is  the  firft  who  has  mentioned  it  more  expli-  Rouelle,  the 
citly;  and  having  difcovered  a  few  of  it's  characters,  a,'ly  ^a°s as 
defcribed  it  by  a  particular  name,  twenty-five  years  o!,a"#er- 
ago,  evidently  with  an  intention  of  diftinguifhing  it  as 
a  diftinct  fubftance.  This  is  thefaponaceous  matter  already 
mentioned.  He  informs  us,  it  is  of  a  deep  brown  co- 
lour, has  a  difagreeable  odour,  is  of  an  oily  confidence, 
is  cryftallizable,  but  not  fufceptible  of  exliccation,  is  acted 
upon  by  heat  like  a  mucous  body,  extremely  deliquef- 
cent,  containing  the  muriatic  acid  in  a  ftate  of  com- 
bination ;  affording  by  analyfis  more  than  half  it's 
weight  of  volatile  alkali,  a  little  oil,  and  fome  fal  ammo- 
niac, but  that  the  refiduum  contains  nothing  alkaline. 
From  this  account,  it  appears,  that  Rouelle  had  well 
characterized  a  peculiar  fubftance,  which  he  was  defir- 
ous  particularly  to  diftinguifh  from  extracts,  and  which 
is  the  uree  of  Fourcroy  and  Vauquelin.  Rouelle  regarded 
this  foapy  matter  of  urine  as  the  nutritious  jnatter  of  vege- 
tables, changed  in  it's  nature  by  digejlion  and  circulation,  and 
by  nevj  combinations  it  had  formed  on  pajfing  into  the  animal 
economy,  with  which  it  became  ajfvnilaied ;  and  he  obferved, 
that  with  the  extractive  matter,  it  was  the  moft  change- 
able of  any  of  the  component  parts  of  the  urine, 
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Nearly  forgotten  fince  the  time  of  Rouclle,  it  appears 
to  have  efcaped  the  attention  of  chemifts,  until  Scheele, 
in  his  memoir  on  the  vefical  calculus,  mentions  it  with- 
out defcribing  it,  by  the  name  of  oily  extractive  matter. 
Cruickfhank  has,  however,  given  an  account  of  fome  of 
it's  properties,  and  has  diftinguifhcd  it  from  all  others 
which  have  been  as  yet  related  by  two  of  it's  mod  cha- 
racterise and  ftriking  qualities;  for,  in  the  work  of 
Rollo,  on  diabetes,  this  cbemift  informs  us,  that  the 
animal  extractive  matter  of  urine  affords,  on  diitillation, 
at  firft  water  impregnated  with  carbonat  of  ammonia, 
the  fame  fait  in  a  concrete  ftate,  then  a  fetid  empyreu- 
matic  oil,  afterward  a  little  phofphorus,  and  an  animal 
coal  is  left  of  difficult  incineration.  Treated  with  twice 
or  thrice  it's  weight  of  nitrous  acid,  it  affords  half  it's 
weight  of  flat,  rhomboidal,  and  fhining  fcales,  refembling 
the  acid  of  borax.  By  expofure  to  a  gentle  heat,  the 
fcales  evaporate  in  a  white  fmoke;  to  a  ftrong  heat,  thev 
burn  with  a  red  flame,  and  a  kind  of  detonation  re- 
fembling that  from  nitrat  of  ammonia. 

The  method  of  feparating  this  peculiar  urinary  matter 
is  by  evaporation.  The  urine  of  an  adult  perfon,  voided 
feven  or  eight  hours  after  a  meal,  is  to  be  evaporated  in  a 
glafs  veffel  by  a  gentle  heat,  until  it  has  acquired  the 
confidence  of  a  thick  firup.  It  is  then  of  a  deep  brown, 
has  a  fetid  odour,  and  it's  nature  is  evidently  ammoni- 
acal.  During  it's  cooling,  the  whole  mafs  takes  the 
form  of  granular  cryftals,  which  are  a  mixture  of  all  the 
falls  with  the  uree.  To(  obtain  this,  four  times  it's' 
weight  of  alcohol  is  to  be  poured  upon  it  at  feveral  times, 
and  expofed  to  a  flight  heat.  The  greater  part  is  now 
feen  to  diffolve,  and  give  an  obfeure  brown  colour  to  the 
liquor,  and  there  remains  a  faline  matter  nearly  white, 
which  Rouelle  advifed  to  obtain  in  this  manner,  and  from. 
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it's  folubility  in  alcohol,  he  named  that  which  this  men- 
ilruum  took  up,  fttporiacecUs  matter. 

This  brown  alcoholic  folutidn  is  then  to  be  poured  into 
a  glafs  retort,  expofed  to  a  (and  heat,  and  a  Fetid  alcohol 
is  obtained,  charged  with  carbonat  of  ammonia,  which 
efTervefces  with  acids,  and  which,  on  their  addition,  be- 
comes of  a  rofe  colour,  from  drawing-  with  it  a  certain 
proportion  of  urea.     This  diftillation  is  continued  until  Jt's  proper. 

tie; » 

the  ebullition  is  pretty  (irons:,  and  until  the  liquor  ac- 
quires a  ilrupy  confidence.  The  alcohol  being  diifi- 
pated,  the  whole  matter  on  cooling  cryflallizes  in  the 
form  of  interfered  fubquadrangular  plates,  the  edges  of 
which  appear  to  be  cut  ;  their  colour  is  of  a  mining  yel- 
lowifh  white,  and  even  brownifh  in  many  points.  This 
cryftalline  mafs  exhales  the  odour  of  fetid  urine,  with  a 
garlick  fmell,  it's  tafte  is  ftrong,  pungent,  and  refembles 
that  from  ammoniacal  falts  ;  it  dcliquefccs,  and  is  con- 
verted by  degrees  into  a  thick  brown  liquid.  It's  odour 
in  particular  is  extremely  characleriftic  ;  it's  flench  is  in- 
fupportable,  rcfembling  that  of  arfenical  fulfures.  Be- 
sides the  difguft  it  caufes,  thefe  chemifts  fufpefit  it's  ca- 
pability of  producing  difeafe,  for  on  being  employed 
icveral  hours  upon  it,  they  contracted  a  headach,  and 
were  indifpofed. 

On  detaching  uree  from  the  veftels  in  it's  cryftalline 
form,  it  refembles  a  granular  pafte  ;  is  difficult  to  cut  ; 
vifcous,  tenacious;  internally,  very  Jblid;  externally, 
fofter,  like  a  thick  honey,  to  which  Rouelle  compared  it, 
as  Boerhaave  already  had  before.  It  diflblves  fo  rapidly 
in  water,  that  it  is  only  neceflary  to  pour  a  fmall  quan- 
tity into  the  vefTel  that  contains  it,  immediately  to  detach 
it,  and  on  the  {lighted  agitation,  it  becomes  a  thick 
brown  liquid.  During  this  folution,  a  very  fenfible  cold- 
nefs  is  produced. 
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Uree  is  fomewhat  Ids   foluble  in  alcohol  than  in  wa- 
ter; it's  alcoholic  folution  affords  cryftals  much  more 
eafily  on  cooling,  than  that  procured  by  water. 
Forms  a  On  mixing  it's  aqueous  folution,  fomewhat  concen- 

curious  fait  '  .     .  ...  .  .      .         .       . 

with  nitric  trated,  with  mtnc  acid,  cryftajhnc  plates  are  lnitantly  de- 
pofned,  which  are  white,  finning,  and  pearly.  Urinr, 
when  exficcated,  prefents  the  fame  phenomenon  :  it  fcems 
that  the  uree  forms  with  the  acid  a  fort  of  fait  that  is 
little  foluble,  and  very  cryftallizable.  This  property  is 
one  of  the  moft  Angular  and  chara&eriftic  of  this  matter. 
The  other  acids  do  not  produce  the  fame  effect.  The 
muriatic  precipitates  it  fr»m  it's  alcoholic  folution  in 
the  form  of  white  flocks. 

It's  aqueous      j^>g  f0]ution  in  water  is  of  a  brown  colour  when  this 

iolution   af- 

fumes   dif-  fluid  is  in  fmall  quantity,  but  it  is  made  to  pafs  through 

louts.  C<      a^  the  (hades  of  orange,  yellow,  and  lemon  colours,  by  the 

quantity  of  menftruum,   fo    as  to  imitate  every   fpecies 

Precipitates  of  urine;  it's  concentrated  folution  precipitates  the  nitrat 

lead.  of  lead  of  a  brown  yellow,  which  may  be  rediffolved  after 

fome  time  in  much  water.  On  evaporating  the  liquor  from 

which  the  precipitate  ih  formed,  fmall  (hjning   filyerlike 

cryftals  are  obtained.     On  treating  the  precipitate  of  lead 

by  the  blowpipe,  it  fvvells,  blackens,  flies  off  in  a  white 

fmoke,  and   leaves  behind  it   a  metallic  button  of  lead. 

And  mtiats  This   folution   precipitates  the  nitrats  of  mercury  and  of 

or   mercury  '        ''  *  '■ 

and  fiivcr.  -filver,  white;  mixed  with  fuperoxygenated  muriat  of 
mercury,  which  it  does  not  precipitate,  it  gives  to  the 
oxyd  feparated  from  it  by  an  alkali  a  gray  flax-colour. 
It  appears  to  be  the  uree  which  gives  to  urine  the  pro- 
perty of  forming,  with  the  nitric  folution  of  mercury,  a 
rofe-coloured  precipitate,  already. obferved  and  defqribed 
by  Lemery  at  the  end  of  the  laft  century. 

Anon  of         Gall  nuts  give  the  folution  of  uree  a  yellowifh  fawn 

I*  3  Ui>oa    colour,  without  precipitating  it. 

Tan  fomewhat  changes  it's  colour,  but  does  not  caufe 
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a  precipitation,  fo  that  it  may  be  of  ufe  to  feparate  it  in 
fome  manner,  or  rather  to  feparate  from  it  the  animal 
albuminous  matter  which  accompanies  it  in  urine. 

Uree  when  expofed  at  firft  to  a  gentle  diftilling  heat  in  Diftiiiaiion 

.  of  uree, 

a  glafs  retort,  and  the  fire  afterward  raifed  fo  as  to  red- 
den the  veflfel,  is  foon  melted.  Almoft  on  the  firft  accefs 
of  heat,  a  white  vapour  arifes,  which  becomes  condenfed 
and  cryftallized  near  the  mouth  of  the  retort,  having 
every  appearance  of  benzoic  acid.  Another  concrete 
body  foon  fucceeds  this  firft  fublimate,  eafily  known  to 
be  the  carbonat  of  ammonia.  This  new  product  ap- 
pears without  interruption,  even  to  the  end  of  the  ope- 
ration. There  is  no  oil,  nor  condenfed  water,  the  fub- 
limed  fait  being  only  a  little  brown.  The  air  extricated 
is  at  firft  impregnated  with  a  difagreeable  garlick  odour, 
refembling  that  from  putrid  fifti,  and  it  carries  over  with 
it  fome  carbonat  of  ammonia,  which  renders  the  fpring 
water  of  the  tub,  in  which  the  pneumato-chemical  ap^ 
paratus  is  contained,  turbid.  When  the  fire  begins  to  be 
very  intenfe,  the  odour  of  the  product,  always  ammoni- 
acal  and  an  elaftic  fluid,  becomes  a  ftench  really  infup- 
portable,  (till  preserving  the  fame  character  of  putrid  fifh 
and  garlick.  The  matter  at  the  bottom  of  the  retort  ap- 
pears in  a  dry  form,  of  a  blackifh  colour,  and  covered 
with  a  white  raifed  cruft ;  this  cruft  fublimes  into  a  heavy 
vapour,  and  attaches  itfelf  to  the  loweft  part  of  the  retort 
above  it's  bottom.  It  is  the  muriat  6f  ammonia. 
After  more  than  two  hours  expofure,  the  coaly  refidiuim 
left  behind  afford,  bv  lixiviation,  a  liquor  of  the  odour 
of  pruftic  acid,  which  precipitated,  by  means  of  an 
alkali,  folutions  of  iron,  of  a  blue  colour.  It  flill  con- 
tained fome  muriat  of  foda,  and  a  little  muriat  of  ammo- 
nia. On  calcining  the  coal,  there  arofe  an  ammoniacal 
odour,  mixed  with  that  of  the  pruflic  acid,  or  bitter 
aim  nds  during  the   whole  time,     There  remained  lefs 
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than  T*-<5  part  of  the  diftillcd  uree  in  weight,  of  a  white 

matter,  fharp,  foluble,  changing  violets  to  a  green,  effer- 

vefcing  with  acids,  and  having  great  analogy  to  carbonat 

of  foda. 

and'eonfe-        From  this  procefs  it   appears,  that  uree  contains  the 

quences  of  benzoic  acid,  muriat  of  ammonia,   and  a  little  muriat  of 
this  pro- 
cefs. foda;  that  it  is  very  decompofable  by  fire;  that  the  mod 

abundant  product  of  this  decomposition  is  ammonia; 
that  neither  water  nor  oil  (at  lead  in  fufficient  quantity 
to  be  eftimated)  is  formed;  that  there  is  a  fufficient  por- 
tion of  carbonic  acid  produced  to  faturate  the  ammonia, 
and  a  little  prufTic  acid  ;  that  the  carbonated  hydro- 
genous gas,  the  carbonic  acrd  and  azot  gales,  d'ifengaged, 
are  very  difficult  to  determine;  that  the  carbonat  of  am- 
monia, impregnated  with  a  little,  animal  oil,  horribly  fe- 
tid, conftantly  fatu rated  the  air  of  the  apparatus,  which 
expanded  ev^n  to  it's  extreme  part,  and  that  the  princi- 
ples, azot,  hydrogen,  carbon,  and  oxygen,  fo  difpoied  to 
take  a  gafeous  form,  conftitute  the  uree  in  fuch  propor- 
tions, as  to  be  converted  by  the  action  of  heat  into  am- 
monia, pruffic  and  carbonic  acids,  inftead  of  forming 
water,  oil,  and  nitric  acid,  which  they  form  in  other  cir- 
cumftances  hereafter  to  be  mentioned.  Likewife  the 
great  quantity  of  ammonia  in  the  products  announces 
that  azot  occupies  the  firft  place,  bv  it's  proportion 
'  amongft  the  conftituent  parts  of  uree.  This  refult,  very 
different,  as  is  evident,  from  what  former  chemifts,  and 
particularly  Rouelle  jun.,  Scheele,  and  Cruickfbank  had 
related  of  this  pretended  fanonaceous,  animal  extractive, 
or  oily  extractive  fubftance,  engaged  Fourcroy  and  Vau- 
quelin  to  obtain  the  proportions  of  the  products  during 
the  diftillation,  in  as  ex  act  a  manner  as  poffible;  and 
Nature  of  they  found,  that  288  parts  of  uree  afforded,  with  0,03  of 
oudts.  lofs,  200  parts  of  carbonat  of  ammonia,  10  of  carbo- 
nated hydrogenous   gas,  7    of    coaly   refiduum,    68   of 
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muriat  of  ammonia,  of  benzoic  acid,"  and  of  muriat  of 
foda,  with  fome  traces  of  oil,  and  pruffic  acid,  that  could 
not  be  eftimated  ;  hence  it  appears,  that  this  procefs  was 
of  great  ufe  in  determining  the  compofition  of  this 
matter. 

Two  parts  of  cryflalline  uree  with  one  of  diftilled  wa-  Ureedifti- 
ter,  being  mixed  at  a  temperature  of  10°,  melted,  forming  led  Wlth 
thick  and  brown  ftriae ;  eight  parts  more  of  water  being 
added;  the  folution,  which  was  very  clear  and  coloured, 
was  poured  into  a  large  glafs  retort  by  means  of  a  funnel, 
when  a  very  evident  white  vanour  arofe  from  it,  orioinat- 
ing  from  the  difengagement  of  a  ii;  >nia  uniting 

to  the  water,  and  the  carbonic  acid  of  the  atmofphere. 
This  being  diftilled  on  a  fand  bath,  to  a  flight  ebullition, 
and  until  the  folution  had  acquired  the  confiftence  of 
firup,  it  was  of  a  deeper  colour,  and  lefs  cryftallized  than 
at  firft,  and  the  water  which  came  over  was  a  very  pure 
and  tranfparent  folution  of  faturated  carbonat  of  am- 
monia. 

The  fame  quantity  of  diftilled  water  being  put  upon 
the  cooled  matter,  it  was  diftilled  a  fecond  and  a  third 
time,  with  the  fame  effect,  except  that  the  colour  of  the 
folution  of  carbonat  of  ammonia  was  rather  brown  from 
the  fecond  diftillation,  and  deeper  coloured  or  rather  oily, 
with  a  depofit  of  a  certain  quantity  of  carbon  from  the 
third. 

During  thefe  three  fucceflive  operations,  in  which  more 
than  half '  the  weight  of  uree  was  afforded  of  carbonat 
of  ammonia  (0,546),  this  matter  was  not  exhaufted,  from 
the  formation  of  it ;  for  dhTolved  in  a  fourth  quantity  of 
water,  it  prefented  the  characters  of  acetous  acid,  and 
although  it  had  depofited  a  little  carbonaceous  powder, 
it  loft  this  acid  date  on  four  or  five  days  expofure  to 
about  20°  of  Reaumur,  and  again  exhaled  ammoniacal 
water  by  evaporation  ;  belides  it  depofited  octoedral  cryf- 
D  d  4 
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tals  of  muriat  of  foda,  and  gave,  after  being  thickened, 
a  fhining  pearl-like  precipitate  by  the  nitric  acid,  a  proof 
that  in  fpite  of  the  great  quantity  of  ammonia  formed, 
flill  a  portion  of  uree  remained  undecompofed. 
compdi-0"  Hence  it  may  be  concluded,  that  the  water  difperfing 
M00'  -the  molecules  of  diflblved  uree,  and  not  permitting  them 
to  undergo  a  temperature  higher  than  that  of  it's  ebul- 
lition, is  fufficient  to  decompofe  it;  that  this  temperature 
which  does  not  disorganize  animal  fub dances  either  com- 
pletely or  eafily,  but  only  is  capable  of  changing  their 
confidence,  favour,  and  odour,  has  the  power  of  deftroy- 
ing  the  intimate  attraction  which  keeps  the  principles  of 
uree  united  in  a  compofition  at  leaft  quaternary;  that 
this  phenomenon,  hitherto  unknown  amongft  organic 
fubftances,  announces,  that  this  is  of  an  order  of  com- 
pofition ftill  more  complicated,  if  poffible,  and  it's  equi- 
librium more  flight  and  eafv  to  deftroy. 
Remarks  It  is  not  only  in  the  formation  of  ammonia  that  the 
upon  u.  fU(Jden  decompofition  of  uree  appears,  at  a  temperature 
and  by  a  procefs,  which  before  would  have  been  looked 
upon  as  impofTible  ;  perhaps  the  formation  of  carbonic 
acid  in  the  midft  of  an  aqueous  liquid,  and  at  the  heat  of 
ebullition,  is  dill  more  remarkable.  It  is  to  be  obferved, 
that  there  is  only  a  quantity  of  it  formed  fufficient  to  fa- 
turate  the  ammonia,  for  there  is  neither  effervefcence  nor 
a  difengagement  of  gas  in  this  experiment,  and  the  pro- 
portion of  carbon  feparated  during  this  decompofition  of 
uree,  exceeds  the  quantity  of  oxygen  which  might  pro- 
duce combuftion,  fince  a  portion  of  this  principle  is  de? 
pofited  alone.  With  refpect  to  the  formation  of  acetous 
•  acid,  at  a  heat  nearly  that  of  the  bain.  mar.  and  in  fo  di- 
luted a  folution,  it  appears,  that  in  this  the  decompofition 
of  uret,  by  the  long  action  of  boiling  water,  approaches 
that  which  happens  during  it's  fermentation,  and  which 
is  the  cafe  with  urine  during  it's  fponianeous  decompofi- 
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tion,  and  in  efTe£t,  urine  only  differs  from  this  artificial 
folution  of  uree,  in  having  this  matter  combined  in  part 
with  faline  fubftances  that  retard  the  decompofition, 
when  not  excited,  by  fome  fermentative  or  putrefcent  prin- 
ciple, which  is  the  cafe  when  urine  contains  a  gelatinous 
or  albuminous  matter,  in  a  fome  what  larger  proportion 
than  common. 

One  part  of  uree  diffolved  in   64  parts  of  water,  was  it'sfpoma_ 
left  in  an  ill-corked  bottle,  filled  to  *  0f  it's  volume,  for  neousde~ 

c>  compofi- 

about  feven  weeks,the  temperature  being  above  165°,  tion. 
when  a  fermentation  took  place  in  this  fluid  which  was  " 
of  a  browniih-red  colour.  Bubbles  of  air  continually 
arofe,  it  became  covered  with  a  light  foam  ;  the  void  part 
of  the  bottle  contained  a  fluid  that  extinguiflied  a  can- 
die  ;  it  exhaled  a  lively,  fharp  odour,  that  was  acidulous, 
urinary,  and  difagreeable.  Some  compared  it  to  that 
arifing  from  marines,  others  perceived  the  odour  of  vine- 
gar. In  diftinguiihing  this  laft,  Fourcroy  likewife  ob- 
ferved  fomethins;  of  ambergris,  the  odour  of  which, 
he  had  obferved  before,  in  a  brown,  fufible,  impure  falt5 
kept  for  feveral  years  in  his  laboratory.  This  liquor  was 
left  four  weeks  longer,  and  as  in  three  months  every  fign 
of  fermentation  had  dilappeared,  it  was  fubmUted  to 
diftillation,  after  the  addition  of  twice  it's  primitive 
weight  of  concentrated  fulphuric  acid.  The  odorous 
and  evidently  acetous  product  obtained,  likewife  con* 
tained  the  benzoic  acid ;  both  acids  were  procured  by 
combining  them  with  potafh.  The  reliduiun  contained 
fulphat  of  ammonia  and  carbon. 

During  this  fpontaneous  decompolition  of  uree,  fome  Compared 
deep -coloured  urine  was  expofed  to  the  fame,  and  it  was  W1-t,v  urine- 
obferved,  that  this  laft  underwent  it  more  rapidly;  and 
as  fome   fpecies  of  pale,  or  (lightly  coloured  urines,  in 
which,  however,   tan  eaufed  a  very  evident  precipitation, 
were  more  rapidly  decompofed,  and,  as  it  was  fuppofed, 
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that  this  fudclen  change  might  depend  on  an  animal  mat- 
ter that  ferved  as  a  ferment,  {-  in  weight  of  albumen  was 
added  to  a  foiution    of  urge  compofed   of  60   times   it's 
)  weight  of  water.     This  mixture  was  found  to  ferment 

much  fooncr  than  the  pure  foiution  of  uree,  or  the  urine. 
The  figns  of  fermentation  were  much  more  evident,  the 
liquor  became  turbid  and  full  of  flocks;  a  more  abun- 
dant fcum  arofe  to  the  top,  which  was  more  thick  and 
tenacious  ;  the  odour  was  more  fetid  ;  more  air  bubbles 
were  difengaged,  and  although  the  acetous  acid  was  pro- 
duced as  in  the  other  two,  the  quantity  of  ammonia 
formed  at  the  fame  time  was  more  confiderable,  fo  that 
the  liquor  was  alkaline,  and  the  decompofition  in  general 
much  more  advanced. 

Is  both  acid      This  fpontaneous  decompofition  of  uree  by  a  real  fer- 

siid  putrid.  £  .  ' 

mentation,  is  both  acid  and  putrid  at  the  fame  time.  It 
differs  Angularly  from  that  by  the  fire,  by  producing  more 
acetous  acid  and  lefs  carbonic  acid  and  ammonia  than  by 
heat,  which  arifes  from  the  different  attractions.  During 
the  fpontaneous  decompofition,  it  appears,  that  the  prin- 
ciples are  not  fo  ready  to  form  binary  unions,  their  at- 
traction bfeing  more  tranquil  ;  hence  the  acetous  com- 
pofition  which  prevails  over  the  other  effects  that  ac- 
company the  production  of  this  acid.  The  portion  of 
carbonic  acid  is  difengaged  as  it  forms,  and  cannot  re- 
main diffolved  in  the  fame  liquor  as  the  acetous. 
Aaionof  The  treatment  of  uree  by  acids,  which  a£fc  upon  it  in 
uiee.  a  manner  v-try  different  from  what  they  do  on  other  ani- 

mal fubftances,  and  the  companions  to  that  by  heat,  are 
the  means  which  thefe  chemifts  employed  to  obtain  a 
knowledge  of  it's  coniliiuent  principles. 
Tliefulphu-  An  aqueous  foluticn  of  pure  uree  mixed  with  f  of  it's 
weioht  of  diluted  fulphuric  acid,  produced  no  effervef- 
cence.  On  a  (light  ebullition  in  a  retort,  it  became 
covered  with  an  oilv  and  black  matter,  which  fixed  on 
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cooling.  The  action  of  fire  on  this  matter  produced  no 
oil,  as  before  obferved,  but  a  difengagement  of  'carbo- 
nated hydrogenous  gas,  and ,  a  precipitate:  of  carbon. 
The.  product -in  the  receiver,  after  the  oleaginous  action  of 
the  fulphuric  acid,  was  a  yellowifh  coloured  liquor,  in 
which  dark  brown  particles,  evidently  carbonaceous, 
were  obferved  to  fwim  ;  it's  odour  refembled  that  of  the 
empyreumatie  acetous  acid,  ariflng  from  the  decompofi- 
tion  of  an  alkaline  acstite  by  fire;  it's  favour  was  {harp 
and  hot,  like  \\\A  of  diftilled  oil.  It  reddened  the  tinc- 
ture of  turnfole,  without  precipitating  the  foluble  falts  of 
barytes;  hence  it  contained  no  fulphuric  acid.  Satu- 
rated with  lime,  it  gave  two  falts,  viz.  acetite,  and  ben- 
zoat  of  lime.  Hence  the  benzoic  acid  accompanies  uree 
in  it's  cryftalline  precipitation. 

During  the  firfl  action  of  the  fulphuric  acid  on  uree, 
a  part  of  this  matter  had  undergone  another  fpecies  of 
decompofition,  for  the  red  refill ual  liquor  of  this  diflilla- 
tion  gave  fulphat  of  ammonia  in  fufficient  quantitv. 
This  fait,  however,  formed  in  part  by  the  union  , of  the 
fulphuric  acid  to  the  ammonia,  united  to  muriatic  acid, 
(ince  the  ammoniacal  muriat  evidently  exifts  in  uree,  as 
is  proved  by  the  difengagement  of  muriatic  acid  effected 
by  concentrated  fulphuric  acid,  and  that  of  ammonia  by 
'potafli.  Yet  a  portion  of  uree  itfelf  is  converted  into  am- 
monia during  the  double  action  of  heat  and  fulphuric 
acid. 

On  repeating  thefe  diftillations,  the  fame  effects  take 
place,  but  after  the  firft,  there  remains  much  uree  unde- 
compofed,  and  which  is  precipitated  again  in  cryftals,  on 
the  addition  of  nitric  acid,  a  little  concentrated.  Hence 
the  fulphuric  acid,  when  weak  and  warm,  converts,  by 
degrees,  uree  into  acetous  acid  and  ammonia,  feparates 
the  benzoic  acid  it  contains,  and  takes  the  ammonia  from 
the  muriatic  acid,  which   it  conceals  in   union  ;  at  the 
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fame  time  it  converts  a  portion  into  the  (late  of  oil,  and 
feparates  a  part  of  the  carbon,  which  colours,  and  even 

It'sadtion    renders  the  folution  turbid,  from  which   it  may  be  con- 

putiefac-     eluded,  that  the  fulphuric  acid  acts  upon  uree  in  the  fam< 
manner  nearly  as  the  (low  or  putrefactive  decomposition. 

The  nitric  The  manner  in  which  the  nitric  acid  acts  upon  uree  i« 
the  moft  (insular  of  all.  It's  power  oh  organic  fub- 
ftanccs  is  well  known,  and  the  phenomenon  it  produces 
with  uree  has  been  already  indicated  by  Cruiekfhank  in 
the  remarkable  precipitation  it  produces,  which  is  one  of 
the  characters  that  particularly  diftinguifhes  uree  from 
all  other  fubtlanccs. 

This  precipitate,  which  is  lamellate^,  radiated,  white, 
fhining  like  fatirt,  foon  becoming  of  flax  gray,  brown,  and 
even  black,  in  fufficient  quantity  to  fill  the  vefTel,  and 
convert  all  the  urinary  liquid  into  a  folid  and  cryftalline 
mafs,  in  a  few  feconds,  and  even  at  the  moment  almoft 
as  the  nitric  acid,  fomewhat  ftrong,  is  poured  on  urine, 
evaporated  to  the  confiftence  of  firup,  or  on  a  folution 
of  uree  Sufficiently  concentrated,  to  be  of  that,  confidence, 
is  a  phenomenon  unknown  to  cheiniftry  in  treating  ani- 
mal fubftances  with  the  nitric  acid.  To  determine  the 
nature  of  the  precipitate,  it  was  cautiouily  heated,  it  be- 
came foft,  and  melted  like  oil;  a  brifk  effervefcence  took 
place,  and  part  was  converted  into  nitrat  of  ammonia. 
Hence  this  cryftalline  depofit  is  a  compofition  of  uree 
and  nitric  acid ;  it  is  not  pure  uree  fcparated  from  it's 
folution  by  the  acid,  but  the  product  of  an  intimate 
union,  which  does  not  take  place  between  any  other 
acid  and  uree,  and  hence  ought  to  be  looked  upon  as  pe- 
culiar to  the  nitric  acid. 

Caocen-  In  order  to  determine  the  action  of  very  concentrated, 

laut  '  and  very  diluted  nitric  acid  upon  uree,  aflifted  by  heat,  as 
was  the  cafe  with  the  fulphuric  acid,  the  moft  concen- 
trated nitric  acid,  particularly  that  more  or  lefs  impreg- 
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Dated  with  nitrous  gas,  being  poured  on  folid  uree,  ex- 
cited a  confiderable  effervefcence  and  much  heat;  the 
matter  rofe  up,  fwelled  into  a  foam,  melted  into  a  deep 
red  liquor,  part  rejected  or  thrown  out  of  the  veffel  by  the 
numerous  bubbles  of  nitrous  azot  and  carbonic  acid 
gafes,  which  are  difengaged  with  impetuofity.  It  ap- 
peared as  if  the  mixture,  agitated  and  boiling,  was  going 
to  inflame,  and  yet  this  violent  action  constantly  ceafed, 
the  mafs  funk,  and  there  only  remained  a  portion  of 
white  yellowifh  concrete  matter,  with  a  few  drops  of  a 
red  liquor.  If  this  refiduum  be  expofed  to  a  lively  heat, 
it  detonates,  and  inflames  in  the  fame  way  as  ammoniacal 
nitrat.  In  this  procef ,  therefore,  the  uree  is  decom. 
pofed  and  converted  into  carbonic  acid  and  ammonia ; 
but  there  is  nothing  of  an  oily  nature;  the  decom  poll - 
tion,  however,  being  too  rapid  to  determine  the  products, 
it  was  better  obferved  during  the  (low  action  of  the  di- 
luted nitric  acid.  u 

Upon  uree  cryftallized  by  evaporation  of  the  alcohol,  Djiute<L 
and  deliquefced  fo  as  no  longer  to  be  of  a  thick  firupy 
confidence,  was  poured  an  equal  part  of  nitric  acid,  red- 
dened by  nitrous  gas,  and  at  1460  of  concentration, 
united  with  it's  weight  of  diftilled  water,  in  a  tubulated 
retort ;  but  the  effervefcence  being  ftill  too  great,  another 
equal  portion  of  water  was  added.  After  this,  the  ho- 
mogeneous, brown,  and  liquid  mixture,  only  produced  a 
(light  and  gradual  effervefcence,  but  conflant  and  with- 
out interruption.  The  retort  was  placed  on  a  fand  bath 
which  was  gently  heated,  and  kept  at  the  fame  degree 
during  the  procefs,  which  laded  nearly  two  days.  The 
molt  remarkable  phenomenon  is  the  difengagement  of 
gas,  which  is  conftant  and  regular,  the  quantity  of  which 
amounted  nearly  to  24  cubic  decimeters  ;  mere  than  I  or 
25  grains  belonged  to  the  uree,  as  will  appear,  which 
make  nearly  §  of  the  matter  employed. 
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During  the  fir  ft  day,  more  than  18  cubic  decimeters  of 
gas  came  over;  and  even  to  the  quantity  of  10  or  12  cubic 
decimeters  it  was  eompofed  of  azot  and  carbonic  aci'd 
gafes,  which  laft  was  known  by  means  of  a  lye  of  pure 
potafh.  As  to  the  fix  cubic  decimeters  of  this  firft  part 
of  the  diftillation,  the  azot  gas  was  replaced  by  atmofphe- 
'ric  air. 

The  fecond  day,  nearly  fix  cubic  decimeters  of  gas  were 
obtained,  mixed  with  the  oxyd  or  nitrous  gas,  and  carbo- 
nic acid  ;  the  liquor  was  never  carried  to  ebullition,  and 
the  uniform  efTervefcence  was  conftantly  maintained  by 
very  fmall  bubbles,  equally  difengaged  from  the  whole 
furface  of  the  liquor. 

Towards  the  time  when  the  production  of  azot  gas 
ceafed,  the  colour  of  the  liquor,  until  then  red,  becoming 
weaker,  paffed  to  a  yellow  colour,  and  there  was  no  preci- 
pitation, no  black  flock,  nothing  of  a  carbonaceous  na- 
ture to  be  feen, 

At  the  fame  period,  the  portion  of  gas  infoluble  in  the 
lye  had  a  ftrong odour,  and  produced  tears  from  it's  irri- 
tation. It  communicated  this  odour  to  water,  and  refem- 
bled  the  febacic,  or  rather  what  Berthollet  calls  the  oxy- 
genated pruffic  acid.  Thisgas,  which  appeared  by  the 
eudiometer  to  be  a  mixture  analogous  to  atmofpheric  air, 
holding  a  little  pruffic  acid  in  folution,  only  arofe  after 
the  ceffation  of  the  azot  gas,  and  at  the  moment  the  ni- 
trous gas  became  evident. 

,  At  the  end  of  the  fecond  day,  the  matter  becoming 
thick,  and  affording,  with  difficulty,  a  vapour  to  be  con- 
denfed  in  the  receiver,  inflamed  with  a  violent  explofion, 
and  a  fat  carbonaceous  matter  remained,  which  gave  the 
water,  with  which  it  was  lixiviated,  a  very  fenflble  odour 
of  pruffic  acid,  and  of  ammonia,  with  the  property  of 
precipitating  red  folutions  of  iron  in  the  form  of  PruiFwn 
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blue.     After  this  action  of  the  water,  the  coal  formed 
nearly  the  240th,  or  0.0044,  of  the  weight  of  the  uree. 

In  the  receiver  there  was  a  greenifh  yellow  liquor, 
very  acid,  upon  which  fome  oily  particles  were  feen, 
whilft  the  penetrating  odour  announced  it's  nature  to  be 
that  of  the  gas. 

Tn   fpite  of  every  ca're,    thefe  chemifts    experienced 
a   pretty   considerable    lofs   during   this    experiment  of 
the  decomposition  of  uree  by   fire  and  the  nitric   acid, 
which  appeared  from  the  ftrong  odour  it  diSTufed  in  the 
laboratory ;  but  at  the  fame  time,  the  action  of  the  nitric 
acid  on  this  fubftancc   alone  Shows  it  to  be  different  from 
every  other  animal  fubftance,  it's  mode  of  decomposition 
being  limited  to  the  abundant  extrication  of  azot  and 
carbonic  acid,  and   to  the  formation  of  ammonia  and 
pruffic  acid.     As  to  the  atmofpheric  air  obtained  toward 
the  end,  it  arifes  from  the  decompofition  of  the  nitrous 
gas,  and  a  portion  of  oxvgen  gas  fet  at  liberty.     Every 
thing,  therefore,  during  the  action  of  this  acid,  announces* 
the  ure^  to  be  a  fub fiance  uncharged  with  azot,    befides 
containing  hydrogen   and   carbon   Angularly  difpofed  to 
be  converted  into  ammonia,  as  well  as  the  eafy  repara- 
tion of  a  great  quantity  of  azot  become  free  and  capable 
of  taking  the  elaitic  State.     It's  conftituent  principles  are 
likewife  eafily   detached  in  a  gafeous  form,  and   it  ap- 
pears to  have  a  decided  tendency  to  be  fooner  and  more 
perfectly  decomposed  by  ftrong  reagents  than  other  fub- 
Ranees. 

The  action  of  the  nitric  acid,  therefore,  as  well  as  that 
of  caloric,  proves  uree  to  be  a  fubftancc  containing  a 
great  quantity  of  azot,  and  the  composition  of  which 
particularly  conceals  the  union  of  this  Superabundant 
principle  with  hydrogen,  carbon,  and  even  oxvgen.  As 
to  the  fmall  quantity  of  benzoic  acid,  and  muriat  of  am- 
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monia,  which  appears  con'tantly  to  accompany  uree,  they 
are  loft  during  the  procefs. 
The  oxyge-      The  muriatic  acid  has  no  fenfible  effec\on  uree  ;  but  in 
aTkacS1'"  an  oxygenated  ftate,  partially  decompofes  it  in  a  Angular 
manner.     Some  uree  of  the  confiftenee  of  firup,  being 
diluted  with  four  parts  of  diftilled  water,  and  put  into  one 
of  Woulfe's  bottles,  to  which  a  fecond  was  adapted  full 
of  water,  and  terminated  by  a  tube  plunged  under  a  glafs 
vefTel,  fome  oxygenated  muriatic   acid  gas  was  made  to 
j-      pafs  through  it  at  the  moment  of  it's  production.     The 
liquor  was    of    a    deep   broivn,    but  tranfparent.     The 
*JP  v    gas   paffing   in  great  abundance   in  blebs,  was  fpeedily 
W  difTolved  ;  fmall  brown  flocks,   clearer  than   the  liquor, 

were    feparated,  which  foon   became   yellow,   and    ad- 
hered to  the  fides  of  the  glafs  like  a  concrete  oil.     The 
liquor,    which     always    flopped    and   difTolved   the*  gas, 
foon  became  of  a  white  beer  colour,  the  flocks  yellow, 
and  thofe  that   were  precipitated  were   found  after  the 
procefs  to  keep  up  an  effervefcence  for  five  days,  although 
the  gas  had  only  been  communicated  a  few  hours  until 
the    faturated  liquor   refufed  to  diflblve   it.     Six  cubic 
inches  of  gas  were,  however,  only  collected,   a  third  of 
which  was  carbonic  acid,  and  the  two  others  azot  gas ; 
the  oxygenated  muriatic  acid  difengages  much  lefs  gas 
from  uree  than  the  nitric  acid,  and  fixes  rather  than  vo- 
latilizes it's  principles;  for  it  appears,  that  although  there 
was  an  excefs  of  this  reagent  in  the  folution,  a  great  part 
remained  untouched  ;  and  as  the  liquor  at  the  fame  time 
contained   a  fufficient  quantity  of  free  muriatic  acid,  it 
was  found  that  one  portion  of  the  oxygenated  muriatic 
acid  gas  was  firft  difTolved  in  the  liquor,  and  precipitated 
a  part  of  the  uree  ;  that  foon  afterward  a  fecond  portion 
of  the  fame  gr.s  reacted  upon  the  flocks  of  precipitated 
uree,  difcoloured  them,  difengaged  the  azot,  confumed 
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S.  part  of  the  carbon ;  in  fhort,  decompofed  them,  and 
at  the  fame  time  palfed  to  the  ftate  of  ordinary  muriatic 
acid,  which  fixed  and  retained  in  the  liquor  the  greateft 
part  of  the  uree,  by  defending  it  from  the  action  of  a 
frefh  quantity  of  oxygenated  muriatic  acid.  Here  the 
influence  of  this  reagent  ended,  flopped  on  the  one  fide 
by  the  converfion  of  about  one  fixth  part  of  the  urea  fe- 
parated  from  the  water  into  carbonic  acid  and  azot  gafes, 
and  into  a  fat  matter  compofing  only  two  or  three  hun- 
dredths of  this  one  flxth  decompofed  ;  and  on  the  other 
fide,  by  the  faturation  of  five  fixths  of  this  matter  by  the 
ordinary  muriatic  acid. 

Uree  is  very  foluble  in  alkaline  lixivia$  and  appears  to  Uree  treat- 
have  a  ftrong  attraction  for  faline  bafes.     Triturated  in  a  iisandfaUs. 
thick  and  foft  ftate  with  a  lye  of  cauflic  potafh,  a  ftrong 
odour  of  ammonia  is  immediately  perceived. 

The  fame  takes  place  with  the  carbonats  of  potafh  or 
foda  ;  and  as  lime,  barites,  and  in  fome  meafure  mag- 
nefia  produces  the  fame  effect ;  it  follows  that  this  ani- 
mal fubftance  contains  niuriat  of  ammonia,  which  t.hefe 
bafes  decompofe.  Another  effect  is,  however,  produced 
when  folid  or  foft  uree  is  rubbed  with  dry  cauftic  potafh 
in  powder.  It's  mixture  becomes  very  warm,  there  arifes 
fo  large  a  quantity  of  ammonia  as  to  make  it's  formation 
evident  ;  whilft  by  the  carbonats,  it  is  only  from  the 
muriat  contained  in  it.  The  mixture  likewife,  become 
of  a  verv  brown  colour,  lets  a  fubftance  efcape  from  it's 
furfice,  which  is  equally  coloured,  and  has  the  appear- 
ance of  an  empyreumatic  oil.  From  this  it  appears,  that 
potafh  quickly  decompofes  uree,  but  it  was  neceflary  to 
procure  a  further  decompofition  by  heat. 

One  part  of  uree  in  a  firupy  form,  with  two  parts  of  Bypotafli 
pure  folid  potafh,  difTolved  in  four  times  the  quantity  of  w*thheat* 
di (tilled  water,  were  poured  into   a  tubulated  retort,  to 
which  a  receiver  was  applied  filled  one  fourth  full  of  wa- 
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ter.  It  was  then  heated,  and  during  the  procefs  it  was 
found  that  the  uree  was  decompofed  in  a  fimilar  manner 
to  that  effected  by  the  fulphuric  acid,  or  the  fpontaneous 
decomposition  of  uree  when  it's  foiution  is  placed  in  a 
mild  temperature.  The  uree  is  changed  into  ammonia, 
and  the  acetous  and  carbonic  acids ;  the  benzoic  acid  is  not 
changed  during  this  decompofition,  but  is  found  amongft 
the  diftilled  products.  Hence  the  extreme  tendency  of 
the  uree  to  be  converted  into  ammonia,  and  carbonic  and 
acetous  acids,  renders  the  power  of  the  alkali  of  producing 
ammonia  from  animal  fubftances  more  energetic  and 
rapid,  which  thefe  chemifls  have  called  ammoniazationy 
and  which  arifes  from  the  abundance  of  azot  contained  in 
uree,  and  the  finall  quantity  of  hydrogen;  two  circum- 
stances which  particularly  characterize  it,  for  in  all  the 
proceffes  to  which  it  is  expofed,  it  is  found  to  contain 
much  more  azot  and  lefs  hydrogen  than  any  other  animal 
matter. 
United  with  According  to  thefe  chemifls,  the  muriat  of  foda  ob- 
tained from  urine  is  in  the  form  of  octoedral  cryftals, 
whilft  that  of  ammonia  is  feparated  in  the  form  of  cubes. 
Many  errours  arifing  from  chemifls  having  been  deceived 
by  their  form,  in  taking  the  muriat  of  ammonia  for  that 
of  foda,  and  the  latter  for  the  former,  Fourcroy  and  Vau- 
quelin  found,  after  a  great  number  of  curious  experi- 
ments, that  the  variation  of  their  form,  or  the  converfion 
of  the  primitive  cube  of  the  muriat  of  foda  into  an  octoe- 
dron,  and  that  of  the  primitive  octoedron  of  the  muriat 
•of  ammonia  into  a  cube,  is  owing  to  the  combination  of 
thefe  falts  with  the  uree.  This  property,  the  flrft  of  the 
kind  hitherto  obferved,  and  which  they  confider  as  one  of 
the  mod  extraordinary  in  the  analyfis,  Supplied  them 
with  a  character  of  this  animal  matter ;  and  it  is  a  fact 
bow  well  ascertained,  that  uree  difTolved  in  the  fame  wa- 
ter with  the   two  muriats  changes  their  natural  form  by 
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combining  with  eaclv,  and  penetrating  the  laminae  of  their 
cryftals. 

Although  the  chemical  examination  of  uree  is  at  pre-  Re™p 
fent  very  incomplete,  and  only  comprehends  it's  ana- 
lyfis,  without  the  lead  attempt  at  the  fynthefis,  it  re- 
mains to  collect  in  a  rapid  point  of  view  the  properties  it 
prefented,  and  the  means  they  afforded  of  determining 
it's  nature,  the  proportion  of  it's  principles,  and  a  com- 
parifon  with  other  animal  fubftances. 

A.  A  fhining  cryftallized  mafs  compofed  of  yellowifh 
lamellae  or  tablets  contracted  in  the  centre,  or  of  grains 
united  and  condenfed;  it's  deliquefcent  parts  always 
brown ;  an  immediate  feparation  from  ftrongly  evapora- 
ted urine,  on  cooling,  or  from  alcohol,  containing  it  and 
(imilarly  evaporated  and  cooled;  a  garlic  urinous  odour, 
of  an  infupportable  fetidity,  weakening  thofe  who  are  for 
fome  time  expofed  to  it;  a  ftrong,  penetrating,  and  fharp 
favour;  adhering  to  the  veffels  which  contain  it,  and  fo 
hard  as  to  be  cut  with  difficulty  ;  fuch  are  the  phyfical 
properties  which  characterize  and  diftinguim  it  from 
other  animal  fubftances. 

B.  Quick  fufion,  rapid  intumefcence  by  fire,  volati- 
lization, and  difagreeable  odour  on  being  ftrongly  heated, 
eafy  deftructibility  by  diftillation  on  the  open  fire,  enor- 
mous production  of  carbonat  of  ammonia,  exceeding 
two  thirds  of  it's  weight,  conftant  veftiges  of  pruffic  acid, 
very  little  carbon,  muriat  of  ammonia  forming  more  than 
one  fixth  of  it's  mafs,  and  fome  hundredths  only  of  ben- 
zoic acid ;  fuch  is  the  manner  of  it's  decompofiiion  by 
heat,  which  places  uree  in  an  order  of  fubftances,  of 
which  no  other  analyfis  by  fire  has  given  an  example. 

C.  So  ftrong  an  attraction  for  water,  which  it  imme- 
diately takes  from  the  atmofphere,  as  to  become  foft  and 
melt  on  it's  furface  ;  a  clammy  and  firupy  ftate,  with  a 
deep  brown  colour,  owing  to  this  deliquefcence,  fo  that 
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the  difference  between  this  honeylikc  portion,  and  the 
cryftallized  portion  beneath,  might  incline  a  pertbn  to 
think  them  not  the  fame  ;  rapid  folution  in  frnall  quanti- 
ties of  water,  it's  various  colour  according  to  the  propor- 
tion of  water,  from  a  reddifh  brown  and  almoft  black,  to 
a  lemon  or  (lightly  orange,  which  imitates  at  the  will  of 
the  chemift  every  poffible  urine,  from  the  paled  to  the 
higheft  coloured  ;  decompofition,  converfion  into  carbo- 
nat  of  ammonia  by  hot  water  even  before  ebullition,  pro- 
vided it's  action  be  long  continued  3  thefe  feries  of  phe- 
nomena give  uree  a  very  diftinel:  place  amongft  annua- 
lized fubftances, 

D.  Very  ftrong  fermentation,  when  it's  very  diluted 
folution  in  water  is  mixed  with  an  animal  gelatinous  or 
albuminous  fubftance;  fcarcely  any  when  alone,  and 
without  any  animal  matter  that  can  ferve  as  a  ferment ; 
formation  of  carbonat  and  acetite  of  ammonia,  produces 
of  this  fpecies  of  putrid  fermentation,  fource  of  the  rapid 
putrefaction  of  urine,  of  the  noifome  odour  it  diffufes, 
and  of  the  various  fpecies  of  changes  the  different  matters 
it  contains  undergoes ;  thefe,  as. well  as  the  preceding 
characters,  likewife  ferve  to  determine  the  nature  and 
properties  of  uree. 

E.  Slow  converfion  into  acetous  acid  and  ammonia, 
by  the  fulphuric  acid  aided  by  heat  ;  fudden  precipita- 
tion by  flrong  nitrous  acid  from  it's  concentrated  folu- 
tion into  fhining  lamellated  and  filkylike  cryflals  ;  flow 
decompofition  j  almoft  perfect  fufion  into  carbonic  acid 
and  azot  gas,  extremely  abundant,  and  which  arc  difen- 
gaged  for  a  long  time  by  the  action  of  the  weak  nitric 
acid,  affifted  by  a  gentle  heat;  decompofition  into  ammo- 
nia and  carbonic  acid  by  oxygenated  muriatic  acid,  and  fo- 
lution and  preservation  by  the  common  muriatic  acid, 
which  (how  it  to  be  a  very  different  compofnion  from 
other  animal  matter?. 
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F.  LatlJv,  rapid  folution  by  potafh,  and  converfion 
into  carbonat  and  acetite  of  ammonia,  by  the  united 
action  of  a  weak  heat,  and  of  fixed  alkali  ;  intimate 
union  with  the  muriat  of  foda,  the  cubical  form  of  which 
it  changes  to  the  oc~loedral,  and  vice  verfa3  with  the 
muriat  of  ammonia;  thefe  leave  no  doubt  on  the  pecu- 
liar nature  of  uree. 

The  remarkable  differences  which  uree  has  prefented 
during  it's  anal  y  lis  are  manifeftly  owing  to  the  great 
quantity  of  azot  it  contains,  but  to  have  a  fatisfaclory 
knowledge  of  it's  nature,  it  is  neceflary  to  determine 
the  proportion  of  it's  different  principles.  With  this 
view,  it  has  been  found,  that  the  produces  of  it's  dif- 
tillation  anfwered  to  the  refults  of  the  other  kinds  of  i^s 
decomposition. 

It  has  been  before  obferved,  that  288  parts  of  uree  Component 
afforded  by  means  of  heat  200  parts  of  carbonat  of^:esot 
ammonia,  ten  parts  of  carbonated  hydrogenous  gas, 
and  feven  of  a  coaly  refidue,  which  with  three  parts  of 
lofs,  left  68  for  the  muriats  of  ammonia  and  of  foda,  and 
benzoic  acid,  matters  which,  although  they  conftantly 
accompany  this  fubftance,  thofe  chemifts' regard  as  fo- 
reign to  it's  nature.  Hence  it  is  neceflary  to  reduce 
288  parts  of  uree  extracted  from  urine  by  evaporation, 
and  it's  treatment  by  alcohol,  to  217  of  real  urinary 
matter,  200  of  which  are  converted  into  carbonat  of 
ammonia,  ten  difengaged  in  the  form  of  carbonated  hy- 
drogenous gas,  and  ten  of  fixed  coaly  refidue.  Now 
200  parts  of  carbonat  of  ammonia,  fublimed  and  cryi- 
tallizcd,  being  formed  of  90  of  carbonic  acid,  SG  of 
ammonia,  and  24  of  water,  and  each  of  thefe  three  uri- 
nary compofitions  being  reduced  to  it's  conftituent  prin- 
ciples, it  follows,  on  adding  to  the  carbon  of  the  carbo- 
nic acid  the  coaly  refidue,  with  the  addition  of  the  three 
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nuAniit.es  of  hydrogen  contained  in  the  ammonia,  in  the 
water,  and  difengaged  in  gas,  as  well  as  that  of  the 
oxygen  forming  part  of  the  water  and  carbonic  acid, 
that  the  2  J  7  parts  of  uree  really  contain  85,2  of  oxygen, 
69,4  of  azot,  32,2  of  carbon,  and  30,2  of  hydrogen  ; 
which  make  very  nearly  for  the  100  parts  of  this  animal 
matter  39,5  of  oxygen,  32,5  of  azot,  14,7  of  car- 
bon, and  13,3  of  hydrogen.  It  is,  however,  to  be  ob- 
ferved,  that  of  the  39!  of  oxygen  there  are  about  1 1,0, 
which  belong  to  the  water  perfectly  formed,  as  well  as 
two  of  hydrogen,  fo  that  the  azot  is  the  predominant 
principle  of  uree,  both  as  to  the  phenomena  it  prefent*, 
and  in  the  proportion  of  it's  conftituent  principles  ; 
hence  the  long;  effervefcence  it  makes  with  the  nitric 
acid,  and  the  quantity  of  ammonia  it'  affords  in  every 
ipecies  of  it's  decomposition  ;  and  although  the  hydrogen 
is  in  fmall  quantity,  it  is  more  than  fufficicnt  to  the 
formation  of  ammonia,  and  the  excels  is  difengaged  in 
a  free  ftate,  carrying  with  it  a  little  carbon,  rather  than 
enter  into  an  oily  combination,  becaufe  the  carbon  finds 
a  fufficient  quantity  of  oxygen  for  combuftion;  thus 
there  can  be  no  oil,  and  in  reality  only  a  few  flight 
traces  of  it  are  to  be  feen  in  the  diftillation  of  uree. 
Thefe  circumftances  prove  it  to  be  a  compofition  ready  to 
pafs  into  the  ftate  of  carbonat  of  ammonia  whenever  the 
equilibrium  of  it's  parts  is  the  leaft  broken,  and  to  be  de- 
ftroyed  by  the  fmall  eft  efforts. 

A  knowledge  of  the  properties  and  nature  of  uree  na- 
turally leads  to  endeavour  to  find  out  the  influence  it  may 
I  •gicalview.  have  in  the  animal  ceconomy,  and  in  the  theory  and  prac- 
tice of  the  chemical  arts,  in  which  urine  is  employed. 

The  greater  part  of  pbyfiologills   have   looked   upon 
urine  as  a  faline  lixivium,  as  the  natural  evacuation  of  the 
falts  introduced  into  the  fyflem  with  the  aliments,  or  form- 
ed by  the  aelions  of  life.     Boerhaave,  however,  regarded 
4jrine  as  an   excretion  of  much   more   importance   than 
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merely  carrying  away  fimple  faline  matters;  he  announces 
it  to  be  a  means  of  expelling  the  portion  of  our  humours 
tending  to  putrefaction,  and  difpofed  to  bring  the  others 
into  the  fame  feptic  decomposition ;  but  this  beautiful 
idea  of  the  Leyden  profefTbr  was  not  attended  to. 

The  difcovery  of  uree   by  Fourcroy  and  Vauquelin, 
confirming  in  fome  refpects  the  firft  idea  of  Boerhaave, 
correcting  at  the  fame  time  the  falfe  notion  of  an  animal 
oil  which  he  had  conceived,  affords  a  more  exact  expli- 
cation of  the  urinary  evacuation.     It   appears  to  be  an 
excrement  of  a  peculiar  nature,  and  very  different  from 
any  of  the  others.     The  great  quantity  of  azot  it  con- 
tains evidently  confirms  it  to   be  an  evacuation  of  this 
principle,  and  in  this  refpeft,  the  kidneys  may  be  looked 
upon  by  the  phyfiologifts  as  the  excretory  organs  of  the 
azot,  in  the  fame  manner  as  the  lungs  are  of  the  carbon 
and  the  liver  of  the  hydrogen.     Until  this  difcovery,  the 
way  vvas  unknown  by  which  this  principle  was  evacu- 
ated, which  from  it's  prefence  diftinguifhes  and  charac- 
terizes the  animal  parts,  and  confequently  is  fo  apt  to  be 
fuperabundant  in  the  body.     The  myftery  is  now  unra- 
velled.    This  azotic  matter   is  feparated  from  the  blood 
carried  by   the   renal  arteries,  by  which  means  the  vital 
fluid,   on    lofing   the   fuperabundance  of  this   principle 
preferves  the  equilibrium  of  it's  compofition  fo  neceiTary 
to  it.     One  of  the  moft  remarkable  properties  of  uree 
being  the  formation  of  ammonia,  and  this  being  one  of 
the    mod:  characteriftic  products  of  putrefaction,   it   is 
natural  that  Boerhaave,  who  obferved  this  abundant  am* 
moniacal   production  in  urine,  mould  have  looked  upon 
this  liquor  as  charged  with   a  matter  extremely  putref- 
cent,   and  as  conveying  out  of  the  body  the  caufe,  which 
if  fuffered  to  remain  too  long  a  time  would  be  producTive 
of  a   feptic  decomposition.     Although  there   is  no  pofi. 
tive  experiment  on  the  fubject.  it  is  very  probable  ac- 
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cording  to  thefe  chemifts,  that  when  the  uree  is  not  fe- 
parated  from  the  blood,  the  excefs  of  it's  elements,  and 
efpecially  of  the  azot  in  our  humours,  is  very  capable 
of  giving  rife  to  difeafes,  and  particularly  thofe  of  .a  pu- 
trid kind,  fince  the  prefent  knowledge  of  chemiftry  at* 
tefts  that  organic  bodies  are  more  fufceptible  of  putre- 
faction according  to  the  quantity  of  azot  they  contain, 
from  the  multiplied  attractions  it's  prefence  produces  in 
their  component  parts. 

This  function  of  the  kidneys  to  deazotize  in  fome 
meafure  the  humours,  and  perhaps  even  the  folids  of  the 
body,  demands  the  attention  of  phyficians  ;  for  the  urine 
may  be  looked  upon  in  future,  not  only  as  an  evacuation 
of  the  fuperabundant  phofphats,  but  of  a  matter  very 
much  difpofed  to  the  putrid  ammoniazation ;  and  it  may 
be  of  confequence  to  be  able  to  determine  the  propor- 
tion and  the  {late  of  the  uree  in  this  excrementitial  liquid  ; 
to  eftimate  it's  different  quantities,  and  it's  nature  in 
different  difeafes  ;  to  determine  more  particularly  the  fpe- 
cific  gravity  of  the  urine,  where  the  uree,  five  or  fix  times 
greater  in  quantity  than  all  the  other  falts  which  this 
fluid  holds  in  folution,  has  the  greateft  influence;  to  feek 
in  the  degree  of  colour  the  proportion  of  this  fubflance  ; 
to  analyze  it  where  this  matter  appears  to  be  entirely 
wanting,  as  in  hvfteric  or  hypochondriac  difeafes,  and 
convulflve  and  nervous  affections,  and  where  it  is  more 
abundant  than  ufual,  as  at  the  end  of  fome  fevers,  in 
difeafes  of  the  liver;  and  laftly,  to  examine  it's  relations 
with  the  uric  acid,  a  great  abundance  of  which  Scheele 
had  obferved  in  urine  at  the  time  of  a  enfis.  Refearehes 
like  thefe  may  be  very  important  in  the  folution  of  many 
phenomena  relating  to  pathology,  which  at  prefent  are 
not  to  be  explained,  although  thefe  two  chemiits  have 
made  the  attempt.  It  is  their  opinion,  that  when  urine 
remains  too  long  in  the  bladder,  as  in  retention,  it  goo* 
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trails  an  ammoniacal  acridnefs,  which  ig  manjfeft  from 
it's  ftrong  fetid  odour,  and  brown  colour  c-n  being  eva- 
cuated by  art ;  that  it  is  to  this  formation  of  ammonia 
the  infupportable  pain  is  to  be  attributed  which  thefe 
patients  often  experience ;  and  this  is  proved  by  the  in- 
jection of  water  (lightly  impregnated  with  ammonia  into 
the  urinary  canal,  an  experiment  which  Dr.  Svvediaur 
found  to  be  a  good  imitation  of  the  blennorrhagia  from 
the  irritation  and  mucous  fecretion  it  excited. 

In  old  people,  where  the  fenfibility  and  irritability  of  the 
fibres  of  the  bladder  are  weakened,  and  who  often  die  iii 
confequence,  the  urine  which  remains  too  long  a  time 
becomes  in  the  fame  manner  ammoniacal  and  fetid  ;  it 
flows  in  a  turbid,  vifcous  and  ropy  itate,  from  the  gela- 
tinous mucilage  which  the  addition  of  ammonia  feparated 
from  the  acid  that  holds  it  in  folution  in  the  natural 
ftate.  The  fame  phenomena  fometimes  take  place  in 
the  pains  and  urinary  floppage  occasioned  by  the  pre- 
fence  of  a  calculus  in  the  bladder.  The  urine  after  cal- 
culous tortures  is  often  rendered  thick,  and  in  fome  points 
glairy  as  glue,  the  chemical  effect  of  the  ammonia 
formed,  and  of  the  feptic  change  the  uree  has  already 
undergone  in  the  bladder.  The  fame  happened  with 
three  calculous  patients,  to  which  thefe  two  chemifts 
had  adminiftered  by  injection  a  very  diluted  folution  of 
potafh;  the  urine  flowed  glairy,  and  fo  loaded  with 
flocks  as  fometimes  to  flop  the  catheter.  Four  patients 
with  the  gravel,  for  which  thcv  took  for  feveral  days  a 
few  drops  of  lye  of  potafh  in  fome  linfeed  water,  had 
their  urine  rendered  equally  thick  and  ropy  from  the 
action  of  the  alkali  upon  this  liquid. 

With  refpect  to  the  application  of  the  difcovery  of  it'*appii 
urce  to  the  arts,  it  maybe  divided  into  four  principal  ™^nlothe 
parts.     1.  The  artificial   formation   of  nitre.     2.     The 
•mployment  of  urine  in  the  procefs  of  fcouring  woollens. 
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3.  The  extraction  of  ammonia.     4.  The  extraction  of 
muriat  of  ammonia  from  it. 
i   In  mak-     * '  Manufa&Lirers  of  faltpetre  have  long  ago  obferred,  that 
inf  akre.     foft  ftone,  arable  ground,  earth  impregnated  with  urine, 
foon  became  loaded  with  this  fait:  hence  they  preferred 
materials  of  this  nature  to  all  others.     Thus  in  Switzer- 
land and  Sweden  the  urine  of  cattle  is   made  ufe  of  in 
the  formation  of  faltpetre,   and  in  feveral   artificial  nitre 
manufactories  in  France,  the  earthy  mixtures,  and  the 
relics  of  vegetables   and  animals  for  that  purpofe,   are 
moiftened  with  urine  ,•  from  which  it  is  evident,  that  this 
liquid  contributes  to  the  formation  of  the  nitric   acid, 
from  the  confiderable  quantity  of  azot  that  enters  into  the 
compofition  of  uree,  one  of  it's  properties  not  to  be  ex- 
ceeded by  any  other  natural  fubftance.      The  contact  of 
the  atmofpheric  oxygen,  and  of  feveral  vegetable  mat- 
ters, appears  to  prevent,   in  the  making  of  faltpetre,  the 
formation  of  ammonia  in  uree,  and  to  determine  that  of 
the  nitric  acid. 
2.  Scouring      2.  The   ancients  made  much   more  ufe   of  urine  in 
cleaning  woollen  fluffs,  particularly  white  ones,  than  the 
moderns  ;  and  it  appears  that  for  this  purpofe  it  was  nc- 
cefTary  to  keep  it  a  longer  or  (horter  time  before  it  was 
ready.    It  was  anciently  collected  in  Rome,  as  mentioned 
by  Pliny,  Martial,  Macrobius,  &c.  for  the  ufe  of  fcour- 
ers,  who   were  obliged  to   refide  either  in  the  fuburbs  or 
in  fome  of  the  frequented  ftrects,    from  the  nuifance  the 
putrid   urine  occaiioned.     According  to  Suetonius,  the 
emperor  Vefpafian  put  a  tax  upon  it,  as   his  hiflorians 
tell  us,  urinez  vecligal  comment  us  eft:  it   continued    two 
centuries,  till  the  time  of  Anaftafius  ;  and  we  read  alfo 
of  veff'igal  pro  tirina  jumentoium  ei  camtm,  which  was  ex- 
acted from  every  perfon  who  kept  cattle.     It  is  collected  » 
for  the  cloth  manufacturers  at  Leeds,  Halifax,  Sec,  un- 
to the.  name  of  old  font,     '  * 
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Every  thing  proves  that  the  putrid  urine  thus  ufed 
a&ed  by  the  ammonia  that  was  formed,  and  that  it  was 
preferable  to  fixed  alkalis,  as  they  were  known  to  change 
the  texture  of  the  wool,  whilft  ammonia  does  hot  fen- 
libly  afFe£t  either  it's  ftrength  or  it's  nature. 

3.  The  art  of  extracting  the  ancient  volatile  fait,  or  the  Mating  of 
carbonat  of  ammonia  fublimed  from  urine,    has  been  ammoma- 
long  known.     It  was  pra&ifed  towards  the  end  of  the 
feventeeth  century;  and  the  theory  is  well  explained  from 

a  knowledge  of  the  nature  of  urine.  It  is  well  known 
to  afford  it  in  large  quantity  after  putrefaction  ;  but  it  is 
neceflary  to  remark,  on  it's  ammoniacal  converfion,  that 
when  urine  has  been  ftronglv  evaporated,  and  to  drynefs, 
it  no  longer  gives  fo  much  carbonat  of  ammonia  by  fer- 
mentation, even  if  the  fame  quantity  of  water  be  added 
as  exifted  before.  This  arifes  from  the  feparation  and 
deftruction  of  a  gelatinous  or  albuminous  animal  mat- 
ter during  the  evaporation,  which  before  ferved  it  as  a 
ferment,  and  enforced  the  formation  of  the  ammonia ; 
whilft  abandoned  alone,  and  without  a  ferment  to  it's 
fpontaneous  decomposition,  the  ures  which  undergoes 
it  difficultly  and  (lowly,  in  part  paffes  to  the  ftate  of  ace- 
tous acid,  which  dimimfhes  in  proportion  to  the  quantity 
of  ammonia.  Hence  the  great  advantage  of  letting  the 
urine  become  putrid,  inflead  of  evaporating  it  when  frefh 
in  order  to  obtain  the  carbonat  of  ammonia. 

4.  Laftly,  the  extraction  of  muriat  of  ammonia,  al-  ^  Extra^i_ 
though   fome  chemifts,  and    efpecially   Rouelle,  junior,  onofmurU 

.  .     .  ...        ofammc- 

nearly  denied  the  exiftence  of  it  m  human  urine,  having  n;a. 
been  concealed  by  the  cubic  form  which  the  ufee  gave 
it.  This  is  eafily  feparated  from  the  refiduum  after  the 
urine  is  advanced  in  putrefaction,  by  means  of  heat, 
being  found  almoft  in  an -ifolated  ftate;  befides,  the  ufe 
of  carbonat  of  ammonia,  fo  abundantly  furnifhed  by 
this  fermented  liquor,  in  decomposing  earthy  muriats, 
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may  beconfidered  as  Angularly  increafing  this  production 
of  ammoniacal  muriat,  and  in  this  refpect  the  natural 
decompoiition  of  uree  or  urine  is  one  of  the  moil  rich 
and  ufeful  materials  in  the  manufactures  of  falta. 


URINE  OF  THE  HORSE,  &C. 

Vme  of  the  JT  is  a  very  peculiar  fact,  and  firft  announced  by  Rouelle, 
that  the  urine  of  animals  which  feed  on  vegetables  con- 
tain no  phofphoric  acid,  but  a  much  greater  quantity  of 
extractive  matter  than  the  human.  Giobert,  on  the  con- 
trary, affirms  that  the  urine  of  horfes  is  nearly  as  proper 
for.  the  making  of  phofphorus  as  the  human  ;  but  he 
has  not  fupported  his  affertion  bv  any  pofitive  experi- 
ment, and  Fourcroy  has  proved  that  the  acid  which  fup- 
plies  the  place  of  the  phofphoric  is  the  benzoic. 

Examined  According  to  Rouelle,  the  urine  of  the  horfe  has  a  pe- 
}  ue  '  collar  fmell,  approaching  very  much  to  that  from  the 
cow.  It  is  in  general  turbid,  either  when  firft  voided, 
or  a  little  after  ;  expofed  to  the  air,  it  foon  becomes  co- 
vered with  an  earthy  pellicle,  which,  when  broken,  falls 
to  the  bottom,  and  is  fucceeded  by  another  that  con- 
tinues feveral  days  ;  twelve  pints  of  urine  often  afford  fix 
or  feven  ounces  of  this  pellicle.  This  mine  is  very  pitui- 
tous,  which  quality  it  lofes  on  being  boiled. 

It  always  changes  the  blue  of  violets  to  a  green,  and 
both  the  mineral  and  acetous  acids  efTervefce  with  it. 
The  foapy  extract  is  in  large  quantity,,  the  extractive 
matter  is  much  greater  in  quantity  than  in  the  human, 
and  that  of  the  cow,  and  is  black.  This  chemift  ex- 
tracted neither  muriat  of  ammonia,  nor  phofphoric  fait 
from  it,  but  like  thofe  of  the  cow  and  camel,  he  obtain- 
ed the  digeflive  fait  of  Sylvius,  vitriolated  tartar,  and  cal- 
careous, earth,  which  he  converted  into  lime. 
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The  urine  of  the  horfe  has  been  examined  by  Fourcroy  ByFourcwpr 

and 

(jrJtl 


md  Vauquelin  ;  they  found  that  it  contained  a  great  qtian-  ™ehi 


tity  of  benzoat  of  foda,  combined  with  an  oily  matter  ap- 
proaching to  a  refin ;  that  the  nitric  acid  precipitated 
iome  white  filky  cryftals  from  it's  alcoholine  folution, 
the  nature  of  which  is  unknown  ;  and  that  this  urine  is 
compofed  of 

0.011  ofcarbonat  of  lime,  held  in  folution   by  the 

carbonic  acid. 
0.009  of  foda. 
0  024  of  benzoat  of  foda. 
0.009  of  muriat  of  potafh. 
0.007  of  a  peculiar  animal  or  vegetable  matter. 
0.940  of  water,  mucilage,  but  no  lithic  acid. 
The  urine  of  the  cow,  when  frefh,  has,  according  to  u.ineof  the 
Rouelle,  a  very   ftrong  peculiar  fmell,  it  has  in  general  came^by 
little  colour,  but  becomes  deeper  on  being  kept ;  it  has  Roiieile- 
then  nearly  the  beautiful  amber  colour  of  the  human. 
It  is  often  turbid  as  well  as  that  of  the  camel,  from  the 
quantity  of  matter  it  contains  beyond  the  point  of  fatura- 
tion.     It  changes  the  limp  of  violets  green,  and  if  expos- 
ed twenty  four  hours  to  the   air,  very  lingular  cryftals 
are  formed  on  the  furfaee  ;  it  eftervefces  with  acids  from 
the  free  vegetable   alkali   it   contains ;  the   volatile  and 
fixed  alkalis  have  no  effect  upon  it.     It   contains  the  fa- 
ponaceous  and  extractive  matters  like  the  human,  but 
the  firft  affords  more  oil  and  no  muriat  of  ammonia,  the 
remainder  is  alkaline,  and  effervefces  ftrongly  with  acids, 
which  is   not   the  cafe  with  the  human  ;  with  refpect  to 
the  fecond,  it  is  more  abundant,  and  on  analyfis,  affords 
the  fame  as  the  firlt,  viz.  volatile  and  fixed  alkalis. 

The  fame  chemift  obtained  from  the  urines  of  the  cow 
and  camel,  which  refernble  each  other  in  many  points, 
a  free  vegetable  alkali,  vitriolated  tartar,   digeftive  fait  of 
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Sylvius,  but  no  phofphoric  fait,  at  lead  he  could  obtain 
none  by  the  ordinary  methods. 

He  alfo  got  from  the  urine  of  the  cow,  not  constantly, 
but  at  three  different  times,  a  volatile  acid  fait  in  fmall 
needles,  or  very  light  filvery  mining  leaflets,  which  fub- 
limed  like  the  flowers  of  benzoin,  and  refembled  them  in 
tafte.  It  is  little  foluble  in  water,  but  very  much  fo  in 
alcohol  and  ether.  It  changes  the  lirup  of  violets  to  a 
beautiful  red  colour,  unites  to  fixed  alkali  with  effervef- 
cence,  and  is  either  decompofed  or  difappears  from  pu- 
tridity, lince  putrid  urine  never  allorded  this  falu 


SWEAT. 


A  great  analogy  has  been  found  to  exift  between  the 
fluid  emitted  by  cutaneous  perfpiration  and  urine,  and  it 
has  been  obferved,  thefe  excretions  mutually  anfwer  the 
famepurpofe  in  many  cafes,  and  we  are  therefore  natural- 
ly led  to  confider  this  vaporous  fluid  as  of  the  fame  nature 
as  urine.     Phyflcians   have  found  that   it's  qualities  are 
fubjecl:  to  variation  ;  that  it's  odour  is  faint,  aromatic  ; 
that  it  is  alkaline,  four  ;  that  it's  confidence  is  fometimes 
glutinous,  thick,  tenacious  ;  that  it  leaves  a  refidue  on 
the  fkin,  and  that  it  often  tinges  linen  with  various  (hades 
of  yellow.     Very  few   chemical    experiments  have  been 
made  upon  this  fluid  ;  Berthollet  affirms,  that  it  reddens  ■ 
blue  paper,  and  that  this  effect  is  produced  more  particu- 
larly from  that  which  is  procured  on  thofe  parts  affected 
with  gout.     Rethinks   it  contains  the  phofphoric  acid; 
and  Henckel  faw  a  perfon  whofe  body  during  perfpiration 
was  become  phofphorefcent. 

Pliny's  Natural    Hiftory.— -Macquer's    Wcerterbuch 
von  Leonhardi.  art.  Harn, — Fourcroy's  Elements,  vol 


EXCREMENTS. 

4.  Englifli  Tranfl.  art.  Urine.  1788.— -Haller's  Elementa 

Phys.  art.  Urina. — Rouelle  in  the  Journal  de  Med.  torn. 

40.   No?.    1773. — Encyclop.  Method.  Chimie.  torn.  U 

p.  204.  art.  Acide  Ouretique. — Sur  le  Sel  fufible  entiere 

extrait  de  1'Urine  humaine,  par  M.  Fourcroy.   An.   de 

Ch.   torn.  7.    p.   183.  —  Prouft  in  Rofier's  Journal  de 

Phys.  1781. — Klaproth  ueber  die  Natur  des  Prouflifchen 

fogenannten  Perlfaitzes,  in  Crell's  Chem.  An.  1785. — 

Berthollet  fur  l'Acide  Phofphorique  de  PUrine,  in  the 

Mem.  de  PAcad.    de   Paris.    1780.  —  Memoire  fur  la 

Nature  de  Rachitis.   An.  de  Ch.   p.    113.  torn.  18. — 

Gaertner.  vide  ibid.  No.  7i.  p.    170. — Halle  Obfervat. 

fur  les   Phenom.  et  Variat.  qui  prefente  P Urine  confi- 

deree  dans  PEtat  de  Sante,  Mem.  de  PAcad.  p.   469. 

1779- — Brugnatelli  ueber  den  Bodenfatz   des  Harnes  in 

CrelPs  Chem.  Annalen.  An.   1787.— Experiments  and 

Manner  of  diftinguifhing  feveral  Difeafes  by  the  Urine, 

by   Mr.   Cruickfhank.  Philofoph.   Mag.  No.    7.   Dec. 

1798. — Memoire  pour  fervir  a  PHiftoire  Naturelle  Chi- 

mique  et  Medicale  de  1'Urine  humaine,  &c.  par  les  Cits, 

Fourcroy  et  Vauquelin*  An,   de  Chim,   p.  80.  No.  $4, 

Sep.  J*3,  No,  Q55 
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F^CES. 


TriE  faeces  not  only  vary  in  their  confidence  in  differ- 
ent animals,  but  even  in  the  fame  animal  at  different 
times,  and  this  variety  is  found  to  pafs  through  all  the 
degrees,  from  a  fluid  ftate  nearly  to  a  firm  folidity.  The 
Their  great  colour  is  equally  variable:  in  man  it  is- more  or  lefs 
JrJel7-  yellow  i  in  quadrupeds,  as  the  horfe  and  cow,  it  is  a  dark 
green ;  in  the  pig  it  is  grayifh ;  in  the  dog  it  is  fometimes 
white,  at  other  times  black ;  in  fome  kinds  it  is  white 
like  chalk,  as  in  thofe  particularly  that  live  by  fuction, 
,  viz.  the  woodcock  and  fnipej  in  fome  infects  it  is  red,  as 
the  bug  and  flea,  whilft  in  others  it  is  green. 

The  odour  alfo  is  various.  It  is  generally  more  or  lefs 
fetid,  but  in  the  cat  it  is  extremely  fo,  and  more  fo  in 
the  carnivorous  than  graminivorous  animals;  whilft  in 
thofe  of  fome  animals  there  is  fcarcely  any  fmell. 

Since  the  feces  are  the  refufe  of  the  food,  by  which 
animals  are  fupported,  it  is  natural,  however,  to  fuppofe 
that  thefe  differences  muft  arife  from  the  nature  and  pro- 
perties of  the  food  the  animal  takes  in ;  and  this  differ* 
ence  of  food  will  equally  have  an  influence  on  them  when 
fubmitted  to  chemical  analvfis.  With  refpect  to  their 
colour,  it  generally  arifes  from  a-pojtion  of  bile  they 
contain;  and  as  to  their  fetid  odour,  Fourcroy  is  of  opi- 
nion it  arifes  from  the  commencement  of  a  putrefac- 
tion, which  already  takes  place  during  their  paffage 
through  the  inteftines,  although  fome  chemifts  will  not 
allow  of  any  fuch  putrefaction.   • 

Some  of  the  old  alchemifts  had  an  idea  that  the  phito- 
fopher's  ftone  was  concealed  in  animal  fasces,  and  on 
this  account,  many  experiments  have  been  made,  parti- 
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cularly  upon  the  human,  and  thofe  of  quadrupeds ;  but 
from  the  great  obfcuritv  that  is  thrown  over  their  wri- 
tings, nothing  fatisfa6tory  is  to  be  learned  from  them. 
The  only  chemift,  according  to  Macqucr,  who  has  in- 
veftigated  the  nature  of  human  fasces,  is  Romberg,  and  Human.  3 
this  unpleafant  operation  he  undertook  for  the  fatisfaction 
of  a  friend,  who  affirmed,  that  a  white  oil,  of  no  un- 
pleafant odour,  was  to  be  extracted  from  them,  which 
poffeffed  the  valuable  property  of  fixing  quickfilver  in 
fuch  a  manner  as  to  be  converted  into  filver.  Homberg 
found  the  oil,  but  it  had  no  fuch  effect  on  quickfilver. 

Frcfh  human  fceces,  diftilled  on  a  water  bath,  even  to 
drynefs,  afforded  nothing  but  an  aqueous,  clear,  taftelefs 
fluid,  of  a  difagreeable  fmell;  no  volatile  alkali,  how- 
ever, appeared,  although  it  had  approached  to  a  putrid 
ft  ate,  whilft  putrid  fubftances  always  afford  it  at  the  fame 
heat.  ; 

The  dry  refidue,  on  increafing  the  heat  by  degrees, 
gave  a  volatile  alkaline  fpirit  and  fait,  a  (linking  oil  and 
a  carbonaceous  portion  remained,  confequently  the  fame 
fubftances  as  other  animal  matters. 

The  fame  fort  of  faeces  lixiviated  with  water,  filtered 
and  evaporated,  afforded  an  oily  nitrated  ialt,  which' 
fufed  on  red  hot  coals  like  faltpetre,  and  heated  to  a  cer- 
tain point  in  clofe  veffels,  inflamed.  Putrid  excrements 
gave  an  oil  without  colour  or  fmell.  To  this  it  may  be 
added,  that  the  faecal  matter  which  Homberg  "analyzed, 
was  from  a  perfon  who  had  been  fed  on  coarfe  bread,  and 
Champaigne  wine. 

We  learn  from  Haller,  that  the  human  feces  contain 
a  fmall  quantity  of  acid,  which  is  found  in,  greater  abun- 
dance in  the  ruminating  clafs  ;  and  Brugnatelli  fpeaks  of 
an  acid  exifring  in  the  faeces  of, carnivorous  birds  :  thofe 
of  the. dog,  however,  contain  none  of  it.  Thole  of  ru- 
minating animals   likewife    effervefce   with   the   nitrous 
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acid,  which  is  produced  in  a  much  ftronger  degree  with 
the  faeces  of  the  dog,  hen,  and  pigeon.  In  fome  coun- 
tries it  is  not  uncommon  to  make  ufe  of  pig's  dung  in- 
stead of  foap. 


MECONIUM, 


This  is  the  matter  contained  in  the  inteftines  of  the 
foetus,  that  has  not  refpired,  and  which  is  rendered  by 
infants  a  few  hours  after  their  birth.  It  is  particularly 
found  in  the  large  inteftines,  in  the  duodenum,  and  even 
in  the  ftomach  ;  it  is  fometimes  in  confiderable  quantity. 
It  is  confequently  the  firft  excrement  that  is  formed,  and 
it's  origin  has  been  almoft  always  attributed  to  the  bile. 

It  is  of  a  brown,  greenifh  brown,  or  black  colour,  of 
the  confidence  of  liquid  honey,  or  pretty  thick  limp,  is 
vifcous  and  ropy.  It  is  generally  without  any  odour  or 
favour,  but  fometimes  it  is  ilightly  fetid. 

Bordeu  appears  to  have  been  the  firft  who  has-  particu- 
larly attended  to  the  meconium  ;  he  has  inferted  into  his 
'medicinal  analyfis  of  blood  the  examination  of  this 
matter,  made  by  Bay  en  and  Deleurye,  and  it  is  from 
this  article  that  Fourcroy,  in  his  Syfteme  des  connaijfances 
ch'miiques,  has  collected  his  materials  for  this  fubject,  of 
which  the  following  is  an  account. 
Examined  According  to  Bordeu,  the  meconium  is  commonly 
y  or  u>  without  any  odour,  but  fometimes  it  has  a  difagreeable, 
earthy,  mouldy  fmeli ;  it  is  black  in  the  large  inteftines, 
and  greenifh  in  the  others ;  it  is  more  of  a  mucous  than 
oily  nature,  appearing  to  him  to  be  uninflammable ;  there 
is  no  predominant  mark  of  acidity  or  alcalefcency  ;  it- 
has,  however,  a  faponaceous  character,  being  both  fo- 
luble  in  water,  and  in  alcohol,    He  looks  upon  it  as  a 
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ftercoral  matter,  as  the  firft  attempt  of  the  a&ion  of  ths 
inteftines. 

After  Borden,  Bayen  made  an  analyfis  of  this  matter,  Bty«n. 
and  although  his  refearches  did  not  extend  to  any  great 
degree  of  minutenefs,  they  are  fufficient  to  give  an  idea 
of  it's  general  properties,  This  liquid,  analyfed  by 
Bayen,  was  of  a  deep  olive  colour,  without  odour,  and 
almoft  without  any  favour,  and  of  the  confidence  of  an 
electuary,  or  thickened  mucilage.  It  tinged  linen  yel- 
low, and  this  colour  could  not  be  extracted  by  water. 
although  it  took  the  fame  yellow  tinge.  Diluted  with 
fixteen  times  it's  weight  of  water,  it  communicated  it's 
colour  to  it  very  flowly,  and  more  than  one  half  of  a 
grofs  matter  was  precipitated,  that  on  exficcation  be- 
came brown.  Heated  in  an  iron  fpoon,  it  fwelled,  emit- 
ted at  firft  an  aqueous,  then  an  oily  vapour,  but  always 
of  a  lefs  difagreeable  fmell  than  that  of  other  animal 
fubftances ;  it  did  not,  however,  inflame,  although  the 
fpoon  was  red  hot.  Exficcated  on  the  water  bath,  it  loft 
more  than  four  fifths  of  it's  weight,  and  became  a  brown, 
opake  mafs,  eafy  to  pulverize,  exhaling  a  mild  agreeable 
odour,  refembling  that  of  evaporated  milk ;  it  was  fome- 
what  bitter.  A  little  of  this  dried  meconium,  digefted 
with  ten  times  it's  weight  of  alcohol,  gave  it  a  deep  yel- 
low colour,  and  when  evaporated,  about  one  tenth  of 
it's  weight  was  left  of  a  fafTron  yellow  matter,  bitter  and 
tranfparent,  perfectly  refembling  that  which  is  extracted 
from  bile  by  the  fame  means.  The  refiduum,  undiflblved 
by  the  alcohol,  was  black,  although  it  gave  to  water  a 
yellow  colour.  The  greateft  part  of  the  dried  meconium, 
heated  in  a  fmall  glafs  retort,  afforded  half  it's  weight  of 
water,  about  one  half  of  oil,  fome  carbonat  of  ammonia, 
and  an  elaftic  fluid,  which  Bayen  looked  upon  to  be  air. 
A  coal  remained,  forming  one  fixth  of  the  mafs  ;  which, 
on  being  roafted,  afforded  ftill  mere  ammonia,  became 
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incinerated  on  it's  furface,  and  hard  at  it's  centre,  al- 
though expofed  to  a  red  heat  five  or  fix  minutes,  and 
this  is  the  cafe  with  all  animal  charcoal.  When  roafted 
longer,  it  became  friable,  although  it  remained  black  ; 
it  had  loll  fomewhat  lefs  than  half  it's  weight,  and  effer- 
vefceJ  with  the  nitrous  acid.  From  thefe  experiments, 
Baycn  concludes,  that  the  meconium  is  a  real  excre- 
ment, but  milky,  and  already  mixed  with  bile  like  that 
of  adults. 
Deieurye.  Bordeu  haslikewife  given  fome  obfervations  of  Deleu- 
rye  on  this  matter,  which  to  a  certain  point  are  oppo- 
fite  to  thofe  of  Bayen,  as  they  announce  a  fetid  odour, 
whether  from  this  liquid  when  heated  by  itfelf  or  with 
water.  The  fame  perfon  has  obferved,  that  in  many 
infants  that  died  at  birth,  and  from  which  he  collected 
the  meconiun,  he  found  the  gall  bladder  containing  a 
liquid  more  inclined  to  a  reddifh  colour  than  that  of  the 
bile  ;  in  foetuses  dead  before  they  had  refpired,  he  found 
no  liquid  in  the  ftomach,  only  a  gluey,  reddifh  coat, 
and  the  fame  in  the  fmall  inteftines  ;  in  the  ccecum  the 
coat  was  white  and  thick  ;  in  the  colon  it  was  ftill  thicker, 
but  brown  and  refembling  the  meconium,  particularly 
near  the  rectum.  The  internal  coat  of  the  colon  was 
fpotted  with  the  brown  (hade  of  the  meconium,  and  very 
difficult  to  clean;  the  rectum  was  full  of  vifcous  meco- 
nium, difficult  to  take  away,  and  it  obftinately  preferved 
the  colour  of  this  excrementitious  liquid. 

Thefe  facts  Bordeu  thinks  are  fufficient  to  conclude 
the  meconium  to  be  the  pureft  part  of  the  bile,  accumu- 
lated in  the  liver,  becoming  black  in  proportion  as  it  lofes 
u'i  water,  tinging  all  the  membranous  parts  to  which  it 
adheres  of  a  yellow  colour,  emitting  particular  emanations 
to  the  furrounding  parts,  mixed  with  mucous,  ftomatic, 
and  pancreatic  humours,  and  forming  acofumn  of  matter 
upon  which  the  inteftines  are  moulded,  and  from  which 
their  form. 
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The  enlightened  chemift  needs  not  be  informed,  that 
the  experiments  and  observations  on  this  matter  are  at 
prefent  infufficient,  to  produce  any  fatisfa&ory  conclu- 
fionsas  to  the  ufe  of  it  in  a  pathological  point  of  view. 

It  now  remains  to  give  fome  account  of  the  experi- 
ments on  the  dung  of  other  animals. 

Vauquehn  having  obferved   the  great  quantity  of  car-  Vauque, 
bonat  of  lime,   which   is  daily  formed  in  the  oviducl  of li?*  exPe* 

J  riments  on 

hens  that  lay,  and  the  extreme  quicknefs  with  which  this  the  excre- 
earth  is  depofited  upon  the  fubftance  of  the  egg,  was  in-  poultry! 
duced  to  make  fome  experiments  on  this  fubje&;  being 
convinced  that  this  matter  was  previously  feparated  from 
the  blood  by  the  kidneys,  and  afterwards  carried  iuto  this 
organ  by  fome  liquid  that  ferves  it  for  a  vehicle. 

On  calling  to  mind  that  the  urines  of  the  cow,  the 
horfe,  the  camel,  the  rabbit,  and  in  general  of  all  herbi- 
vorous animals,  contain  carbonat  of  lime,  without  any 
mixture  of  phofphat  of  lime,  and  that  this  laft  remains 
almoft  wholly  in  the  refiduum  of  digeftion  ;  it  will  not  be 
aftonifhing,  that  hens  which  are  nourifhed  with  matters 
of  the  fame  nature  iliould  only  furnifh  carbonat  of  lime 
in  their  urine,  particularly  on  reflecting  that  their  burnt 
excrements  only  contain  very  little  of  this  calcareous 
fait,  and  fcarcely  any  thing  but  phofphat  of  lime,  al- 
though their  aliments  afford  much  more  carbonat  of  lime 
than  phofphat.  It  appears,  therefore,  that  during  th i 
acl:  of  digeftion,  fome  carbonic  acid  is  formed  from  the 
alimentary  fubftances,  which  diffolves  the  lime,  and  fa- 
vours it's  paffage  into  the  circulation,  from  whence  it  is 
afterwards  feparated  by  the  kidneys,  and  carried  into  the 
oviduct,  where,  by  a  peculiar  affinity,  it  attaches  itfelf  to 
the  fubftance  of  the  ejnr. 

CO 

Vauquelin  found  that  nine  egg  (hells  weighed,  accord-  Weight  jf 
ing  to  the  new  weights,  44,796  gramms,  which,  divided  fheUs* 
by  0  =  4,997   for  each  (hell.     Thus  a  hen  which  has 
ff  3 
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laid  90  eggs  in  four  months  and  a  half,  mud  have  form- 
ed in  that  time  447,959  gramms  of  carbonat  of  lime, 
excepting  the  deduction  of  the  gluten,  which  unites  the 
calcareous  parts. 

Quantity  of     Xhcfe  44,796  gramms  of  egg  (hells,  calcined  to  black- 
am  mul  glu-  '  to  DO  J 

ten.  nefs,  loft  8,321  gramms;  the  refiduum  diflblved  in  the 

nitric  acid  with  great  eflfervefcence,  and  with  an  odour  of 
fulphureous  hydrogen,  there  remained  0,217  gramms  of 

C0J#. 

The  nitric  folution  was  white  ;  having  boiled  it  a  fuffi- 
cient  time  to  deprive  it  of  the  carbonic  acid  that  might 
have  combined  with  it  during  the  folution,  fome  ammo- 
nia  was  mixed  with  it,  and  0,58  of  a  gramni  of  phofphat 
of  lime  were  obtained ;  thus  there  remained  40,178 
gramms  of  carbonat  of  lime,  from  which  it  appears, 
that  1000  parts  of  egg  {hells  are  formed, 

lft,  of  carbonat    of  lime       896     ' 

2d,  of  phofphat  of  lime        57 

3d,  of  animal   gluten       47 

Total 1000 


Medium  The  weight  of  eggs  vary  according  to  the  fort  of  hen, 

weig  '  according  as  the  laying  is  more  or  lefs  accelerated,  and 
various  other  circumftances  ;  but  from  a  number  of  ex- 
periments Vauquelin  fixes  the  medium  term  at  58,  U7 
gramms.  Hence  a  hen  that  has  laid  130  eggs  in  fix 
months,  which  is  pretty  common,  has  formed  7486,220 
gramms,  or  7  kilogramms,  4  hectogramms,  8  deca- 
gramms,  6  gramms,  and  226  thoufandths  of  a  gramm 
of  matter  employed  in  the  formation  of  thefe  eggs,  6f 
which  641,685  gramms  are  to  be  iubtracted  for 
fhells;  there  remain  then  for  the  fubftance  of  the  egg 
itfeif  7333,793  gramms,  or  14lb.  15oz.  7drs.  8grs. 
Bjngofthe  When  the  dung  of  the  hen  is  attentively  compared 
with  that  of  the  cock,  the  flrft  is  obferved  to  be  blacker. 


fareo. 
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and  infinitely  more  meager  and  exhaufted  of  nourishing 
matter  than  that  of  the  cock.  Befides  this  laft  contains 
a  great  quantity  of  a  white  cretaceous-like  matter,  which 
■covers  it,  although  eafily  detached  from  it. 

Vauquelin  had,  at  firft,  fuppofed  this  white  matter  to 
be  phofphat  of  lime,  becaufe  it  difiblved  in  acids  without 
eflfervefcence ;  but  other  circumftances,  to  be  related, 
foon  changed  his  opinion. 

Equal  quantities  of  hen's  and  eock's  dung  were  calcined 
in  two  different  crucibles  3  the  firft  left  55201  gramms  of 
refiduum,  and  the  laft  only  3.  Their  afhes  diffolved  in 
nitric  acid  without  effervefcence ;  but  that  of  the  hen 
emitted  an  odour  of  fulphureous  hydrogenous  gas. 

The  refiduum  of  that  of  the  hen,  infoluble  in  nitric 
acid,  was  2,335  gramms,  and  of  the  cock,  1,06  gramm, 
and  were  nothing  but  fragments  of  ftone  and  fand,  mix- 
ed with  a  fmall  quantity  of  coal  that  had  efcaped  com- 
buftion. 

The  filtered  folutions  of  thefe  two  forts   of  afhes  af-  Quantity  <A 
forded  very  abundant  depofits  by  the  addition  of  ammo-  fim/m"^ 
nia,  which  proves  that  the  matter  diflblved  by  the  nitric  compared. 
acid  was  phofphat   of  lime.     The  precipitate   furniihed 
by  the  excrement   of  the  cock  weighed   l,i 66  gramm, 
and  that  of  the  hen  two  gramms. 

Having  thus  feparated  the  phofphat  of  lime  from  the 
nitric  folutions  by  ammonia,  which,  after  this  laft,  pro- 
duced no  further  change  in  them,  the  carbonat  of  potafh 
gave  rife  to  new  precipitates,  which  were  carbonat  of 
lime,  the  weight  of  which,  in  that  of  the  cock,  was 
£),265  of  a  gramm,  and  in  that  of  the  hen,  0,185  of  a 
gramm. 

It  follows  therefore,  firft,  that  in  the  excrements  of 
thefe  animals,   befides  the  phofphat  of  lime,  there  re- 
mains carbonat  of  lime.     Secondly,  that  if  thefe  burnt 
meiHs  did  not  eftervefce  on  being  diflblved  in  acids, 
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it  arifes  from  the  carbonic  acid  having  feparated  from  the 
lime  during  calcination. 
Refle&icns.  The  rcfult  of  thefe  experiments  feems  contrary  to  what 
reafon  mioht  indicate,  for  if  a  part  of  the  calcareous 
earth  ferves  to  form  the  envelope  of  the  egg  in  laying 
hens,  their  excrements  ought  to  contain  proportionally 
a  lefs  quantity  of  this  fubftance  than  thofe  of  the  cock  ; 
but  on  recollecting  that  hens,  during  this  epoch,  take  at 
■lead  two  or  three  limes  more  food  than  the  cock,  that. the 
excrements  of  the  firft  are  much  more  abundant,  more 
meager  and  more  exhauiled,  it  will  be  eafily  conceived 
how  it  may  happen,  that  befides  the  portion  of  calcare- 
ous earth  employed  in  the  formation  of  the  egg  (li ell, 
there  ftill  remains  more  in  their  excrements  than  in  thofe 
of  the  cock.  Hence  a  hen  that  has  laved  130  eggs  in  the 
fpace  of  fix  months,  the  weight  of  which  amount  to 
7333,793  eramms,  deducting  the  weight  of  the  fhells, 
has  need  for  the  formation  of  this  animal  matter  of  a 
greater  quantity  of  nouriihment,  in  part  ufelefs  to  the 
cock,  and  consequently  his  excrements  ought  to  be  more 
abundant,  more  meager,  and  more  charged  with  calcare- 
ous matter. 

But  it  may  be  faid,  if  the  carbonat  of  lime  tends  to- 
wards the  oviduct  in  the  female  at  the  time  of  laying,  it 
ought  to  be  formed,  and  afterwards  found  in  the  excre- 
ments of  the  male,  having  no  organ  to  difpofe  of  it,  and 
■  yet  thefe  excrements  do  not  afford  a  greater  quantity  than 
thofe  of  the  hen. 

This  objection  Vauquelin  oppofes,  by  what  has  been 
faid  before,  relative  to  the  quantity  of  nourifhment  com- 
pared to  that  of  the  cock,  which  the  hen  has  need  of 
during  her  laying,  and  by  what  will  be  laid  down  here- 
after on  the  companion  of  the  excrements  of  the 
when  Die  lavs  and  when  (lie  does  not. 
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Although  the  quantity  of  carbonat  of  lime  appears 
fufficient  in  general  for  the  formation  of  the  fhell ;  it  is 
not,. however.,  inexhauftible,  for  it  has  been  obferved, 
that  when  the  laying  is  accelerated,,  the  (hell  is  much 
lighter,  and  very  often  the  eggs  are  only  covered  limply 
with  a  membrane ;  hence  it  appears,  that  the  calcareous 
matter  in  this  laft  circumftance  is  not  formed  in  the  fame 
proportion  as  the  matter  of  the  egg  itfelf. 

There  are  likewife  circumftances  where  the  calcareous 
matter  is  more  abundant  than  neceflary  for  the  formation 
of  the  envelope,  for  it  is  not  rare  to  fee  a  hen  that  has 
layed  in  the  morning  lay  another  egg  in  the  evening:, 
which  is  very  (mall,  and  with  a  thick  fhell,  and  only  filled 
with  a  white  tranfparent  glare,  without  any  yolk.  Hence 
it  appears,  that  when  the  defcent  of  the  egg  from  the 
ovary  into  the  oviduct  does  not  take  place  foon  enough, 
the  albumen  becomes  covered,  by  a  peculiar  affinity, 
with  the  calcareous  matter,  and  forms  a  fpecies  of  fterile 

egg- 

It  is  very  well  known,  that  at  the  time  of  laying,  hens  Excrement* 
eat  much  more  than  at  any  other  feafon  of  the  year,  that  °f  laymg 

J        '  hens  com- 

the  cock  collects  for  them  food,  calls  and  invites  them  to  pared  with 

.  i-i  ii-  others,  and 

eat,  by  a  peculiar  language  ;  that  their  excrements  are  with  thofe 
infinitely  more  abundant  and  more  exhaufted  than  thofe  of  lhe cotk* 
of  the  cock.  It  has  likewife  been  obferved,  that  during 
laying,  hens  render  none,  or  fcarcely  any  of  that  white 
cretaceous-like  matter  which  covers  their  excrements  at 
other  feafons,  whilft  the  cock  renders  it  always;  but  that 
as  foon  as  the  hen  begins  to  fit,  this  matter  reappears ; 
and  further,  as  they  only  render  their  excrements  at  very 
diftant  intervals,  they  evacuate  a  pretty  large  quantity  of 
a  clear  liquid,  feparated  from  the  excrements,  which  foon 
after  becomes  turbid,  and  depofits  a  white  matter  that 
efTervefces  with  acids ;  it  contains  carbonat  of  lime. 
The  white  cretaceous-like  mailer  abovementioned,  which  Matter 
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which  co-    envelopes,  or  (imply  accompanies  the  dung  of  the  cock, 
•dung  of  the  Qp4  of  tnc  ncns  tn3t  do  not  lay?  fubmitted   lo  different 
h°pk'whd  h  cxPcrimentsJ  has  the  following  properties, 
do  not  lay.        jft.  It  is  infolublc  in  cold,  and  boiling  water. 
ties  propcr"      2d.  It  burns  in  the  fire  like  animal  matter,  and  leaves 
fcarcelv  no  refiduum. 

3d.  It  diflblves  in  the  nitric  and  muriatic  acids,  with- 
out effervefcence,  and  it's  folution  affords  no  precipitate 
by  alkalis,  whether  cauftic  or  faturated  with  carbonic 
acid,  it  only  becomes  of  a  yellow  colour. 

4th.  It's  folution  in  acids  forms  with  tan  contained  in 
the  infufion  of  gall  a  very  abundant  white  precipitate. 

Thefe  properties  prove  this  fub fiance  to  be  of  an  ani- 
mal nature ;  it  is  not,  however,  gelatin,  fince  it  would 
have  been  foluble  in  boiling  water,  although  perfectly 
dry,  and  fince  there  is  only  this  and  albumen  fufceptible 
of  uniting  with  tan,  and  forming  a  combination  infolu- 
ble  in  water,  it  is  evidently  a  real  albumen,  or  white  of 
egg  coagulated  and  dried  by  the  air.  tc  Hence,"  fays 
Vauquelin,  "  although  the  cock  does  not  lay,  there  is  a 
iubftance  prepared  in  his  organs,  proper  to  form  the 
white  of  egg,  and  henceforth,  it  will,  perhaps,  not  be  ri- 
diculous to  believe,  that  thefe  animals,  under  fome  cir- 
cumstances, may  render  a  fpecies  of  egg,  and  the  opinion 
of  the  country  people  be  no  longer  a  prejudice.  It  is  fuf- 
ficient,  that  a  certain  quantity  of  glair  or  albumen  fojourn 
a  certain  time,  and  the  urine  on  palling  cover  it  with 
carbonat  of  lime,  with  which  it  is  faturated.  I  confefs 
I  never  faw'this  phenomenon;  but  fo  many  people  are 
faid  to  have  feen  it,  that  it  is  difficult  not  to  believe  fomc- 
thing  of  it." 
•refi-  Vauquelin,  in  order  to  determine  more  exactly  what 
burnt  oats  t0°k  P^ace  during  digeftion  irt  thefe  animals,  endeavoured 
exairaufd.  to  'find  out  the  principles  oats  are  compofed  of,  with 
which  they  are  nourished,  and  in  what  proportions  they 
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exift.  This  view  in  particular  was  to  determine  what 
relations  the  earthy  parts  bore  to  each  other,  fuch 
as.  the  lime  and  the  phofphat  of  lime.  He  found 
that  oats  contain  about  0,03 1  their  weight  of  afhes,  on 
incineration,  and  that  thefe  afhes  are  compofed  of  0,393 
of  phofphat  of  lime,  and  0,607  of  pure  filex.  This  che- 
mift  looks  uoon  it  as  fomewhat  extraordinary,  that  he 
did  not  find  any  mixture  of  alcali  or  calcareous  earth 
with  the  phofphat  and  filex. 

Having  determined  the  nature  and  proportions  of  the  Refiduum 
earthy  matters   contained   in  oats,   he   was  defirous   0fofl'end"ne 

3  produced 

knowing  the   changes  thefe  earths    had  undergone   byby°atsant* 
digeftion.     On  which  account  he  enclofed  a  laying  hen 
in  a  place,  and  gave  her  oats,  of  which  he  knew  the 
weight.   In  the  fpace  of  ten  days,  the  hen  had  eaten 
483,838  gramms  of  this  (ecd,  and  had  laid  four  eggs. 

Having  collected  and  dried  the  excrements,  he  incine- 
rated them  in  a  crucible  of  porcelain,  and  found  the. 
afhes  to  weigh  38,937  gramms.  Thefe  afhes  were  in  part 
diflblved  by  the  muriatic  acid  without  effervefcence,  but 
there  arofe  a  firong  odour  of  fulphurcous  hydrogenous  gas. 
When  the  acid  had  ceafed  to  act  on  the  matter,  it  was 
diluted  with  water,  filtered,  and  therefkluum  edulcorated, 
it  weighed  8,492  gramms ;  fome  cauftic  ammonia  was 
then  poured  into  the  muriatic  folution,  which  formed  a 
very  abundant  white  precipitate,  and  weighed,  when 
warned  and  dried  by  a  read  heat,  73643  gramms.  This 
matter  fubmitted  to  different  experiments  prefented  all 
the  characters  of  phofphat  of  lime,  without  any  mixture 
of  foreign  matter. 

The  liquor  (feparated  from  the  phofphat  of  lime) 
mixed  with  the  common  carbonat  of  potafh,  gave  a  white 
precipitate  in  large  quantity,  which  weighed  2,54  7 
<rramms  when  dried. 

The  formation  of  a  confiderable  quantity  of  carbonat  Reinai^ 
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of  lime  that  did  not  exift  in  the  oats  with  which  the  hen 
was  nou  rimed,  is  a  circumftance  very  important  both 
with  refpect  to  the  theory  of  the  formation  of  the  f}iells> 
and  for  the  economy  of  granivorous  animals  in  general. 
It  is  not  left  remarkable,  that  the  quantity  of  phofphat 
of  lime  obtained  in  the  excrements  of  the  hen,  fur- 
nimed  by  483,838  gramms  of  oats,  is  much  greater 
than  what  the  fame  quantity  of  oats  afforded  by  com- 
buftion,  which  out  of  15,285  gramms  of  refiduum,  gave 
5,941  gramms  of  pure  phofphat  of  lime.  Hence  it 
would  appear,  if  the  experiments  of  Vauquclin  are  ex- 
act, that, 

1.  A  portion  of  lime  was  formed   during  the  act  of 
digeflion,  and  of  the  animalization  of  the  oats. 

2.  That  a  portion  of  phofphoric  acid  was  likewife 
formed. 

3.  That  a  certain  quantity  of  carbonat  of  lime  was 
equally  generated. 

In  reality,  2,547  gramms  of  this  laft  fubftance  were 
obtained  from  the  excrements  of  the  hen,  whilft  the  oats 
afforded  none;  and  befides,  the  hen  laid  four  eg^s 
during  the  time  of  eating  the  oats,  the  fhells  of  which 
weighed  about  19,744  gramms,  which  with  the  2,  54  7 
remaining  in  the  excrements,  form  22,291  gramms,  or 
five  drachms,  fix  grains ;  a  very  confiderable  quantity; 
It  cannot,  however,  be  fuppofed  that  this  carbonat  was 
formed  at  the  expenfe  of  the  phofphat  of  lime  contained 
in  the  oats,  for  it  is  to  be  recollected,  that  only  5,944 
gramms  were  obtained  from  483,838  of  this  {ced}  and 
that  the  excrements  anting  from  the  fame  quantity  of 
oats  gave  11,944,  which  makes  a  difference  of  fix 
gramms.  ' 

Thus  the  excrements  of  a  hen  which  had  onlv  eaten 
483,838  gramms  of  oats,  in  ten  days,  afforded  on  apa 
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lyfis  2,547  gramms  of  carbonat  of  lime,  which  added 
to  the  19,743  gramms,  forming  the  fhells  of  the  eggs 
laid  during  the  interval,  make  22,29  gramms,  of  which 
not  a  particle  exifts  in  the  oats. 

They  likewife  furnifhed  11,944  gramms  of  phofphat 
of  lime,  whilft  483,838  gramms  of  oats  only  gave 
5,944.  Hence  there  was  an  increafe  office  gramms  5  a 
very  confiderable  quantity. 

Vauquelin  endeavoured  to  find,  in  the  refiduum  of  the  Quantity  of 
burnt  excrements  of  the  hen,   infoluble  in  acid,  the  ori-  fikac,Vje 

~    '  '  cats  wuia 

gin  of  this  carbenat  of  lime,  which  is  not  found  in  oats,  that  in  the 
as  well  as  the  increafe  of  the  phofphat  of  lime,  a  part  of 
which  only  exifts  in  that  feed. 

For  this  purpofe  he  took  the  8,492  gramms,  or  160 
grains  of  refiduum,  (left  after  the  muriatic  folution  was 
diluted)  as  before  mentioned.  Thefe  were  formed  with 
three  parts  of  cauftic  potafh,  in  a  filver  crucible,  and  af- 
ter being  properly  treated,  8,067  gramms  of  pure  nitre 
were  extracted  from  them. 

The  0,425  of  a  gramm  deficient  muft  be  attributed  to 
the  carbonated  matter  that  coloured  the  refiduum. 

On  comparing,  therefore,  the  refiduum  of  the  excre- 
ments of  the  hen  with  that  of  the  oats,  refpeeYing  the 
iilex,  it  appears  that  it  contains  1,274  gramm  lefs  of 
filex,  fince  483,838  gramms  of  oats  furnifhed  9,342 
gramms  of  this  earth,  whilft  the  excrements  arifing  from 
the  fame  quantity  of  this  feed  only  afforded  8,067 
gramms. 

It  appears  from  thefe  experiments,  that  whether  the 
fmall  quantity  of  filex  found  in  the  nutriment  of  the 
hen,  gives  rife  to  the  calcareous  matter  of  the  excrements 
or  not,  it  is  certain,  that  a  confiderable  quantity  of 
lime,  both  in  a  ftate  of  carbonat  and  phofphat,  is  gene- 
rated in  the  organs  of  that  animal,  whilft  a  portion  of 
filex   is  found  to  have   difappeared,     which  feems    to 
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be  in  too  inconfiderable  quantity  to  give  origin  to  fo  great 
a  mafs  of  calcareous  earth,  (the  iilex  being  only  1,274 
gram  in,  the  calcareous  matter  14,118  gramms).  But 
although  the  conclufions  are  little  fatisfa&ory,  therefults 
of  the  experiments  merit  a  farther  confideration  5  and 
fhould  future  ones  confirm  them,  it  will  oblige  the  chemifl 
fo  admit,  that  (ilex  is  changed  into  lime  during  the  digef- 
tion  of  poultry. 

Macquer's  Chem.  Wcerterbuch  von  Leonhardi.  p. 
134,  t.  2.— Fourcroy's  Syfteme  des  connaifTances  chi- 
miques,  &c.  par  A.  F.  Fourcroy,  Art.  Meconium,  t.  10. 
Paris,  An.  11. — Experiences  fur  les  Excre'mens  des 
Poules,  comparees  a  la  Nourriture  qu'elles  prennent,  et 
Reflexions  fur  la  Formation  de  la  Coquille  de  1'CEuf,  par 
le  Cit.  Vauquelin,  Annal.  de  Chimie^  p.  3.  torn.  29. 
An.  f. 
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On  taking  a  view  of  the  analyfis  of  the  different  parts 
of  the  animal  body,  and  particularly  that  of  the  fluids, 
folids,  hard  and  external  parts,  it  appears  from  the  pre- 
ceding experiments,  that  befides  water,  which  is  more  or 
lefs  common  to  all  bodies,  there  are  four  principal  fub- 
ftances  that  predominate  in  their  composition,  and  it  is 
from  thefe  more  particularly,  that  the  different  organs 
have  their  origin.  Thefe  four  fubftances  are,  albumen, 
gelatin,  fibrin,  and  offeous  matter;  and  the  following  are 
their  characters  and  properties,  according  to  chemical 
analvfis. 


ALBUMEN. 


Animal  albumen  is  generally  found  in  the  form  of  a 
tranfparent  fluid,  more  or  lefs  vifcous,  and  of  an  aqueous 
colour,  tending  to  a  yellow. 

It's  favour  is  (lightly  faline,  and  if  tafted  with  attention,  it's  ptoper- 
fomewhat  (harp.  ties' 

It  changes  the  (imp  of  violets  green. 

It  is  foluble  in  cold  water. 

Alkalis  diffolve  it. 

Acids  coagulate  it. 

Lime  water  produces  a  precipitation  in  the  albumen, 
which  is  the  phofphat  of  lime.  It  is  coagulated  by  the 
metallic  oxyds,  and  by  alcohol. 

It  decompofes,  and  caufes  a  precipitation  in  folutions  of 
neutral,  calcareous,  and  metallic  falts. 
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It  undergoes   the  putrid  but  not  the  acetous   fermen- 
tation. 

The  moft  diftinguifhing  character  of  this  fluid  is,  that 
when  expofed  to  a  degree  of  heat  from  45°  to  48°  (80° 
being  the  boiling  point)  it's  liquidity  and  tranfparencv 
difappear,  it  becomes  opake,  white,  concrete,  and  folid. 
1  On  examination,  during  this  change,  there  is  a  fibrous 
appearance,  but  as  foon  as  the  coction  is  complete,  the 
whole  is  homogeneous,  white,  and  fol id  ;  and  on  exfic- 
cation,  it  is  brittle,  mining  in  it's  fracture,  and  tranfpa- 
rent.  A  great  degree  of  heat  difenpapes  ammonia  from 
it,  and  a  very  fetid  oil,  as  from  other  animal  fubflances. 

This  concretion  of  albumen  by  heat  is,  according  to 
Fourcroy,  one  of  the  moft  remarkable  phenomena,  ani- 
mal fubftances  prefent  to  the  chemift ;  and  from  a 
^fnc"nated  number  of  experiments  made  upon  it,  with  Vauquelin, 
it's  proper-  he  attributes  it  to  the  abforption  and  fixation  of  oxygen, 
for  which  the  heat  increafes  it's  affinity.  In  this  ftate  he 
calls  it  oxygenated  albumen.  It  is  then  of  a  white  co- 
lour, and  has  changed  it's  properties  ;  for,  according  to 
Fourcrov,  folid  or  oxygenated  albumen  is  no  longer  fo- 
luble  in  water ;  Hatchett,  however,  found,  that  in  a  flight 
degree,  infpiffated  albumen  is  foluble.  It  is  infoluble^ 
however,  in  cauftic  alkalis. 

Concentrated  acids  produce  different  effects  upon  it. 
The  concentrated  fulphuric  acid  reduces  it  to  a  charcoal 
by  combuftion,  during  which  a  difagreeable  odour  is 
emitted.  The  nitric  acid  at  the  temperature  of  15°  dif- 
engages  azot  gas  from  it,  and  if  the  mixture  be  heated, 
pruflic  acid  is  formed,  flying  off  in  the  form  of  a  gas, 
recognized  by  the  odour  of  bitter  almonds  ;  afterward 
a  portion  of  the  charcoal  is  feparated,  which  united  to  it's 
oxygen  forms  carbonic  acid  gas  :  when  the  difengage- 
ment  of  thefe  two  acids  has  taken  place,  the  nature  of 
the  albumen  is  Angularly  changed,  it's  conftituent  prin- 
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eiples  no  longer  retain  the  fame  order  or  proportion  in 
their  composition;  the  remit  of  which  is,  on  the  one 
fide,  the  oxalic  acid,  on  the  other,  a  fatty  or  oily  matter, 
of  a  citron  colour,  that  fwims  in  the  fame  liquor ;  a 
green  little  malic  acid  is  alfo  obtained. 

If  the  albumen  coagulated  by  acids  be  diluted  with 
water,  the  liquor  filtered  and  evaporated,  falts  are  ob- 
tained, the  bans  of  which  is  foda;  hence  the  caufe  of  the 
colour  liquid  albumen  gives  to  violets. 

It  is  alfo  to  the  fame  fait,  as  well  as  to  the  phofphat  of 
foda  and  ammonia,  found  by  analyfis  to  exift  in  albu- 
men, that  the  precipitation  of  the  above  mentioned  dif- 
ferent falts  arife.  According  to  Fourcroy,  the  metallic 
precipitates  carry  with  them  a  portion  of  it  in  it's  oxy- 
genated and  concrete  ftate.  It  is  likewife  by  decompo- 
sing the  phofphat  of  foda,  which  is  held  in  folution,  that 
the  precipitation  by  lime  is  produced. 

By  gently  evaporating  the  water  in  which  albumen  has 
been  diluted,  after  having  obtained  this  laft  in  a  concrete 
form  by  heat,  and  ft-parated  it  from  the  lye,  cryftals  of 
muriat  of  foda  are  obtained.  To  this  it  may  be  added, 
that  it  is  often  obferved,  on  treating  in  this  way  feveral 
fpecies  of  albumen,  and  amongft  others  the  ferum  of 
the  blood,  and  that  which  exifts  in  the  mufcles,  and  is  ex- 
tracted by  preffurc,  that  the  liquor  when  properly  eva- 
porated, to  obtain  the  cryftallizable  falts,  becomes  a  jelly, 
on  cooling  :  this  phenomenon  is  only  indicated  here  to 
fhow,  that  the  liquid  albumen  is  often  accompanied  with 
another  animal  fubftanee  of  equal  importance ;  an  ac- 
count of  which  will  be  given  in  the  next  article,  Gela- 
tin. 

From  the  analyfis  of  albumen,  it  appears  to  be  com-  It'scumpo- 
pofed  of  carbon,  hydrogen,  azot,  and   different  propor- 
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tioris  of  oxygen,  phofphoric  and  muriatic  acids,  foda, 
and  lime.  , 
Remarks  The  name  of  albumen  has  been  given  to  this  matter, 
upon  albu-  from  jt>s  anai0gy  to  the  white  of  an  egg,  and  in  what- 
ever part  of  the  body  it  is  formed^  it's  characters  are  in- 
riably  the  fame.  This  organic  compofed  fubftance  is 
very  abundant  in  all  animals,  and  forms  a  very  diftindt 
genus  amongft  the  compofed  parts  of  organized  bo- 
dies. The  white  of  the  egg,  called  albumen  by  the 
Latins,  may  be  looked  upon  as  the  firfh  fpecies  of  this 
genus  ;  and  it  was  that,  the  analyfis  of  which  was  fir  ft  the 
means  of  discovering  the  linking  analogy  that  exifts  be- 
tween it  and  many  other  animal  fubftances.  The  ferum 
of  the  blood,  the  more  or  lefs  thick  and  even  concrete 
matter  of  the  vitreous  humour,  and  of  the  cryftalline 
lens,  a  great  part  of  the  white  humour  which  moves  in 
the  lymphatic  or  abforbent  veflels,  the  water  collected 
in  the  different  cavities  of  the  body  diftended  by  the 
dropfy,  are  the  principal  fpecies  of  this  genus ;  or  to  ufe 
a  more  exact  method  of  expreffion,  contain  a  very  large 
proportion  of  albumen  ;  whilft  the  greater  part  of  the 
membranous  and  white  organs,  and  efpecially  the  mem- 
branes which  line  the  hollow  vifcera,  as  well  as  nlk, 
contain  more  lefs  of  it  in  it's  concrete  ftate  :  in  ihort, 
it  is  found  even  in  the  juices  of  vegetables.  It's  liqui- 
dity arifes  from  it's  always  being  combined  in  the  fluids, 
of  which  it  forms  the  principal  bafis,  with  a  certain 
quantity  of  water ;  but  on  becoming  -an  integrant  part 
pf  the  folid  organs  it  is  in  a  concrete  ftate,  and  has  in 
fome  meaiure  changed  it's  nature  and  properties.  It  is 
certain,  that  the  degree  of  heat,  by  which  it  is  coagu- 
lated by  chemical  agents,  cannot  take  place  in  the  body, 
yet  the  formation  and  feparation  of  moft  of  it's  organs 
require  the  flow  fixation  of  oxygen,  the  combination 
of  which,  with-  tl}e  animal  fluids,  appears  from  the  ex- 
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periments  on  refpiration  to  take  place  in  the  lungs.  It 
is,  therefore,  daring  it's  circulation  in  the  fanguiferous 
and  lymphatic  vefTels,  that  the  albumen  abforbs  by  de-  . 
grees  the  oxygen,  until  it  has  received  fuch  a  quantity 
as  to  become  concrete,  which  appears  to  be  at  the  time 
it  has  arrived  in  the  ultimate  vafcular  ramifications  which 
carry  the  nutriment  to  the  folids  ;  hence  the  neceffity  of 
changing  it's  nature,  and  inftead  of  remaining  liquid, 
to  become  concrete  or  oxygenated  albumen  ;  and  as  the 
variable  quantities  of  the  oxygen  and  water  depend  on 
the  age  and  ftate  of  health  of  animals,  they  produce  a 
more  or  lefs  ftrong  concrefcibility,  or  more  or  lefs  de- 
cided fluidity  of  the  albumen. 

Albumen,   according  to  the  experiments  of  Hatchett, 
is  the  predominant  and   eflential  part  in  the  tiflue,  or 
web  of  membrane,   cartilage,   fponge,   the  horny  Items 
of  gorgoniae,   horn,    hair,     feather,    quill,    hoof,  nail, 
horny  fcale,  cruft,    and  tortoife-fhell ;    and   although  in 
all  it  has  fimilar  chemical  properties  ;  yet  in  confidence, 
it  varies  from  a  tender  jelly-like  fubftance,  to  a  com- 
pletely formed  membrane,   or  to  an  elaftic,  brittle,   hard 
body,  like  tortoife-fhell ;  and  he  thinks,  it  is  the  original 
fubftance  from  which  all  thefe  bodies  as  well  as  mufcu- 
lar  fibre   derive  their  origin.     He  affirms,  there   is  alio 
much  reafon  to  believe,  that  gelatin,   although  it  appears 
fo   different  in    many   refpe£t$   from  albumen,     is  yet 
formed  from  it :  for,  from  his  experiments,   it  appears, 
that  tortoife-fhell,  horn,  mufcular  fibre   and  infpi (fated 
albumen,  after  long  dilution  in  very  dilute  nitric  acid,  and 
after  being  well   warned,  were  foluble  in   boiling  water, 
and  that  a  fubftance  was  formed,  which  (by  becoming     - 
liquified  when  heated,   by  being  foluble  in  boiling  wa- 
ter, by  being  precipitated  by  the  tanning  principle,  and 
by  nitro-mutriat  of  tin ;  and  laftly,  by  forming  a  gela- 
tinous mafs,  when  the  aqueous  folution  was  fufficiently- 
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evaporated  and  cooled,  approached  and  refembled  gela- 
tin. He  thinks  it  might  perhaps  be  too  hafty  to  affert 
that  gelatin  was  abfolutely  thus  formed;  but  if  a  fub (lance 
fo  very  fimilar  to  it  could  be  thus  produced,  he  is  of  opi- 
nion, that  the  real  gelatin,  with  it's  various  modifications^ 
is  formed  from  albumen,  by  the  more  efficacious  and  de- 
licate operations  of  nature. 

In  attempting  to  prove  that  albumen,  or  the  coagulat- 
ing lymph,  is  the  original  animal  fubftance,  this  chemift 
has  only  ftated  chemical  facts;  but  when  the  phenomena 
attending  incubation  are  confidered  ;  when'  the  experi- 
ments made  by  eminent  phynologifts,  fuch  as  Haller, 
Maitre  Jean,  and  Malpighi,  are  attended  to  ;  when  the 
oviparous  fcetus  is  feen  to  be  progreffively  formed  in  and 
from  the  albumen  of  the  egg,  fo  that  upon  the  burfting 
of  the  {hell  which  feparated  it  from  external  matter,  the 
young  animal  comes  forth  complete  in  all  it's  parts;  when 
fuch  ftrong  facls  as  thefe  are  corroborated  by  thofe  which 
chemiftry  affords  ;  it  can  fcarcely  be  doubted,  according 
to  Hatchett,  but  that  albumen  is  the  primary  fubftance 
from  which  the  others  are  derived  ;  and  there  is  much 
reafon  to  believe  that  the  formation  of  gelatin,  and  of  the 
animal  fibre  efpecially,  begins  with  the  proeefs  of  fangui- 
fi cation  in  the  fcetus. 

This  is  by  no  means  a  novel  opinion.  It  was  fuppofed 
by  Thouvenel,  that  animal  albumen  might  be  converted 
into  animal  jelly ;  and  Fourcroy  affirms,  that  gelatin 
only  differs  from  albumen  by  containing  a  larger  propor- 
tion of  oxygen,  and  that  fince  gelatin  has  a  great  ten- 
dency to  become  acid,  it  is  a  proof  of  it's  having  a  greater 
quantity  of  oxygen  in  it's  compofition,  which  was  only 
neceffary  to  form  that  fermentation.  This  chemifl  is 
more  particularly  confirmed  in  his  opinion,  by  finding 
that  all  vegetable  fubftances  which  are  acid,  and  fruits  in 
particular,  contain  no  albua&'en,  whilft  gelatin  is  con- 
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ftantly  obtained;  on  the  contrary,  thofe  which  afford 
albumen,  as  all  young  vegetable  fubftances  do,  {how  no 
appearance  of  acidity.  He  has  alfo  obferved,  that  the 
albumen  of  the  blood  forms  with  the  nitric,  muriatic, 
and  acetous  acids,  a  fpecies  of  gelatin.  Hence  he  fuf- 
pects  that  every  jelly  is  a  combination  of  the  oxygenous 
principle  and  albumen.  Such  are  the  opinions  of  the 
prefent  chemical  phyfiologifts  on  the  converfion  of  albu- 
men into  gelatin. 

From  the  properties  which  albumen  poffeffes  of  being 
coagulated,  it  is  made  ufe  of  in  the  arts  to  clarify  various 
fluid  bodies.  For  this  purpofe,  the  blood  of  different 
animals  is  in  general  chofen,  when  any  large  quantity 
of  clarifying  albumen  is  wanted,  this  fluid  containing  it  in 
large  quantity,  and  being  eafily  procured.  When  re<- 
quired  in  fmall  quantity,  the  albumen  of  the  egg  is  gene- 
rally preferred  as  being  more  delicate.  It  a<3:s  by  uniting 
with,  and  entangling  in  it's  compofilion  as  it  coagulates, 
the  impure  parts  of  the  fluid  to  be  clarified,  which  it  car* 
ries  to  the  furface  in  the  form  of  a  hard  fcum,  which 
being  no  longer  foluble  in  it's  coagulated  ftate,  is  eafily 
taken  out.  This  coagulating  property  is  likewife  of  ufe 
in  the  art  of  anatomy,  for  when  it  has  undergone  this 
change  by  the  muriatic  or  nitric  acids,  any  heteroge*- 
neous  parts  it  contains  are  more  eafily  to  be  difcerned.  It 
was  thus,  that  Reil  difcovered  the  nerves  of  the  cryftal- 
line  lens,  and  when  thofe  worms  which  are  denominated 
gelatinous  have  been  immerfed  a  few  feconds  in  either 
of  the  above  acids,  a  fibrous  ftru&ure  is  obferved,  and 
fche  anatomift  is  enabled  to  diftinguifh  and  examine 
them. 


o.pj 
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GELATIN. 


ties. 


it's  proper-  qn  boilincr  animal  fubftanees  in  water,  a  certain  mat- 
ter  is  extracted,  which,  on  becoming  cool,  forms  a  folid 
and  tremulous  jelly,  and  from  this  property  it  has  been 
called  gelatin. 

When  pure,  it  is  colourlefs  and  tranfparent,  without 
fmell,  and  of  a  mild  favour.  It  is  perfectly  foluble  in 
water,  but  does  not  coagulate  as  albumen  does.  It  is 
likewife  foluble  in  acids  and  alkalis,  but  lefs  fo  in  the 
laft.  With  the  nitric  acid,  a  little  azot  is  difengaged, 
and  a  fmall  part  is  changed  into  fat,  whilft  the  greater 
part  is  converted  into  oxalic  acid.  Solutions  of  lime 
produce  a  precipitate  of  phofphat  of  lime  when  poured 
into  a  folutionof  gelatin.  With  the  principle  of  tan  it 
forms  a  compound  infoluble  in  water ;  hence  this  princi- 
ple is  a  very  convenient  reagent  to  afcertain  the  prefence 
of  gelatin  in  any  fluid,  and  to  determine  with  precifion 
quantity.  Thus,  if  the  infufion  of  tan  be  poured  into 
milk,  whey,  ferum,  broth,  &e.  it  forms  a  precipitate 
more  or  lefs  abundant,  according  to  the  quantity  of  gela- 
tin they  contain.  It  is  infoluble  in  alcohol.  If  kept  for 
fome  time,  it  undergoes  the  acetous  fermentation  from 
the  faccharine  matter  it  contains;  and  this  is  faid  fooner 
to  take  place  in  the  gelatin1  of  graminivorous  animals ;  it 
afterward  paries  into  the  putrid  fermentation,  and  gives 
carbonated  ammoniacal  gas. 

By  diflillation  in  the  water  bath  it  affords  an  infipid, 
inodorous  phlegm  ;  in  proportion  as  it  lofesit's  water,  it 
aflumes  the  contiftence  of  and  becomes  glue,  for  which, 
\khSoft  Parts  ;  and  when  entirelydried,  it  refembleshorn. 
Expofed  to  a  ftronger  heat  with  accefs  of  air,  it  fwells, 
liquifies,   and  becomes  black,  emitting  a  great  deal  of 
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fetid  fmoke,  which  does  not  eafily  inflame.  By  a  violent 
heat  in  a  retort,  it  affords  an  alkaline  phlegm,  an  empy-r 
reumatic  oil,  and  a  (mail  quantity  of  ammornacal  chalk  ; 
and  leaves  a  large  mafs  of  charcoal  of  difficult  incine- 
ration, containing  muriat  of  foda  and  calcareous  phof- 
phat. 

The  component  parts.of  gelatin  are,  therefore,  carbon,  it'scomp*. 
hydrogen,    azot,    faccharine   matter,    phofphoric    acid,     oa' 
muriatic  acid,  lime,  and  foda. 

Gelatin  is  obtained  from  all  the  foft  and  white  parts  of  Remarks 
animals  in  large  quantity,  fuch  as  the  membranous  parts,  "?on  *e  ** 
tendons,  ligaments,  aponeurofes,  cartilages,  horns,  bones, 
and  (kins.  It  therefore  appears  to  partake  of  the  folia* ity 
of  albumen  in  mod  of  thefe  parts,  and  as  it  forms  the 
bafis  of  all  of  them,  they  are  more  or  lefs  fufceptible  of 
being  difTolved  by  boiling  water,  and  of  forming  tranfpa- 
rent  jellies  on  becoming  cool.  From  experiments,  it 
appears,  that  gelatin  in  mod  of  it's  properties  bears  a 
great  refemblance  to  thofe  of  the  infipid  vegetable  muci- 
lages, if  we  except  thofe  that  afford  ammonia  by  heat 
and  mephitis  by  the  nitrous  acid,  which,  from  the  opi- 
nion of  Foureroy,  may  be  attributed  to  a  portion  of  lym- 
phatic matter  or  albumen,  which  the  water  extracts  at 
the  fame  time  with  the  gelatin,  particularly  when  jellies 
or  glues  have  been  prepared  by  ftrong  decoction,  long 
continued. 

According  to  Hatchett,  gelatin  varies  in  it's  degree  of 
confidence,  and  in  making  experiments  on  animal  fub- 
ffances,  he  had  frequent  opportunities  of  obferving  the 
various  degrees  of  vifcidity  and  tenacity  which  characte- 
rize it,  and  which  he  has  noted  by  the  different  names 
of  mucilage,  fize,  and  glue.  In  young  animals  the  mu- 
cilage is  more  predominant,- and  it  becomes  diminifhed 
as  they  increafe  in  growth  and  age.  Hence  there  is  every 
reafori  to  conclude,  that  the  fub dance,  which  in  very 
G  G4 
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young  animals  was  at  firft  mucilaginous,  Becomes  pro- 
greffively  more  vifcid,  and  afiTumes  the  characters  of  ge- 
latin ;  muciLge  is,  therefore,  the  mod  attenuated,  and 
the  loweft  in  order  among  the  modifications  of  gelatin. 
Gelatin,  he  found,  whether  in  the  ftate  of  mucilage, 
fize,  or  glue,  when  completely  dried,  to  be  affected  by 
water  according  to  it's  degree  of  acidity,  and  examined 
by  the  tanning  principle,  and  nitro-muriat  of  tin  ;  mu- 
cilage is  more  immediately  affected  by  the  latter  than  by 
the  former,  while  the  folutions  of  fize  and  glue  are  equally 
acted  upon  by  both.  When  thefe  three  varieties  are 
fteeped  in  nitric  acid,  with  three  or  four  parts  of  water, 
they  alfo  progreffively  diffolve  according  to  the  degree 
of  vifcidity  by  which  they  are  feparately  diftinguifhed. 
Gelatin,  according  to  it's  quantity  and  quality,  has  a 
powerful  influence  on  fpme  of  the  phyfical  and  chemical 
properties  of  the  bodies  in  which  it  is  prefent,  viz.  on 
their  flexibility,  elatlicity,  and  putrefcibility  j  for  when 
bodies,  fuch  as  mufcular  fibre,  membrane,  fponsje,  hair, 
and  cuticle,  are  deprived  of  gelatin,  and  dried  in  the  air, 
they  become  rigid  and  brittle,  and  Hatchett  has  no 
doubt,  but  that  this  arifcs  from  the  lofs  of  the  gelatinous 
fubflance;  and  as  an  additional  proof,  when  bodies,  fuch 
as  nail,  feather,  quill,  and  tortoife-fhell,  which  contain 
little  or  no  gelatin,  are  long  boiled,  and  then  dried  in  the 
air  like  the  former,  they  are  found  to  have  fcarcely  fuf- 
fered  any  alteration  in  their  refpective  degrees  of  flexibi- 
lity and  elafticity.  As  to  putrefaction,  it  is  obvious  that 
certain  parts  are  more  fufceptible  of  it  than  others,  thus 
the  vifcera,  mufcles  and  cutis,  foon  fufTer  a  change; 
while  hair,  feather,  feale,  hoof,  horn  and  nail  remain 
unchanged  for  ages  after  the  former  have  been  decom- 
pofed  ;  the  caufe  of  this  he  attributes  to  the  gelatin  and 
moifture,  which  are  combined  in  theformer,  and  not  in 
the  latter  in  any  notable  quantity ;  for  mucilage  diflblv- 
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ed  in  water,  he  found  to  be  the  firft,  and  glue  the  lad 
that  fhowed  fyihptoms  of  putrefaclion.  It  is,  therefore, 
the  prefence  of  gelatin  in  various  Hates  and  propor- 
tions (including  moifture  and  organic  arrangement)  that 
is  the  principal  caufe  of  thofe  degrees  of  .flexibility,  of 
elafticity,  and  of  putrefcibilitv,  fo  various  in  the  different 
parts  of  animals. 


FIERIN. 


The  fibrous  part  of  animals,  when  pure,  is  of  a  white  It's  proper- 
colour,  without  fmell  or  tafte ;  it  is  very  tenacious,  and 
capable  of  being  lengthened.  It  is  procured  in  this  (late 
by  warning  the  coagulated  part  of  blood,  when  it  remains 
in  the  form  of  white  filaments  of  a  very  folid  confidence. 
It  is  infoluble  in  water  at  all  temperatures,  and  when 
boiled  it  hardens,  and  aflumes  a  gray  colour.  The  moft 
weak  acids  diflblve  it.  Diluted  nitric  acid,  according  to 
Berthollet,  difengages  a  larger  quantity  of  azot  gas  fijom 
it  than  from  any  other  animal  fubftance,  and  by  the  aid 
of  heat,  it  diflblves  it  with  effervefcence,  accompanied 
with  nitrous  gas  ;  when  all  this  gas  is  difengaged,  oily 
and  faline  flocks  are  obferved  in  the  refiduum,  floating  in 
a  vellowifli  liquor,  which,  on  evaporation,  affords  cryf- 
tals  of  oxalic  acid,  and  a  larger  quantity  of  flocks,  com- 
pofed  of  a  fatty  matter,  and  phofphat  of  lime  is  deposited. 
Concentrated  fulphuric  acid  converts  it  partly  into  water, 
partly  into  acid.  The  muriatic  acid  diflblves  it,  and 
forms  with  it  a  green  jelly.  The  acetous  likewife  diflblves 
it  by  the  aid  of  heat.  The  fibrin  is  precipitated  from  the 
acids  by  the  means  of  water,  and  more  particularly  by- 
alkalis.  During  this  combination  with  the  acid,  the 
fibrin  is  decompofed,  and  when  feparated,   no  longer 
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prefents  the  fame  properties.  It  is  not  diffolved  by  al- 
kalis in  their  diluted  ftate  ;  but  when  cauftic  and  con- 
centrated, they  attack  it  by  the  means  of  heat.  Neutral 
falts,  and  mineral  fubftances,  have  no  effect  upon  it. 

On  being  expofed  to  diftillation,  it  affords  water  of  a 
faint  fmell,  an  alkaline  phlegm,  a  ponderous,  thick,  and 
very  fetid  oil,  with  much  ammoniacal  chalk.  The  re- 
maining coal  is  not  bulky,  but  compact  and  heavy  j  and 
is  lefs  difficult  to  incinerate  than  that  of  albumen.  The 
afhes  are  very  white,  and  contain  neither  ialine  matter, 
nor  iron  ;  their  appearance  being  earthy,  feem  to  confift 
of  phofphat  of  lime. 

The  mod  gentle  heat  fuddenly  affe&s  fibrin  ;  it  fhrinks 
into  a  fubftance  refembling  parchment,  and  when  expof- 
ed to  a  ftrong  heat,  becomes  like  a  piece  of  horn  or 
bone  ;  on  being  burnt,  it  crackles,  and  produces  a  very 
fetid  fmell  like  the  burning  of  feathers. 

It  putrefies  with  great  facility,  and  being  expofed  to  a 
hot  and  moift  air,  fwells,  and  affords  a  large  quantity  of 
volatile  alkali. 

The  only  parts  that  contain  fibrin  are  the  blood  and 
the  mufcles  ;  in  the  firft  it  would  appear  to  be  in  a  ftate 
of  folution,  or  at  leaft  in  a  very  divided  flate,  but  poffef- 
fing  the  remarkable  property  of  becoming  concrete  on 
cooling  and  repofe,  in  which  a  fibrous  texture  is  after- 
ward very  evident.  In  the  fecond,  it  is  condenfed,  con- 
creted, or  perhaps  to  ufe  a  more  appropriate  expreffion, 
organized  under  the  form  of  mufcular  flefh  ;  which,  ac- 
cording to  Fourcroy,  ought  to  he  considered  as  the  real 
refervoir  of  all  the  fibrin  contained  in  the  blood.  In  this 
view  he  looks  upon  the  mufcles  as  certain  organs,  in 
which  this  animal  matter  is  depofited,  fo  as  to  conftitute 
their  bafis,  forming  the  fubftance  that  is  mod  eminently 
irritable. 

Fibrin,  therefore;  differs  greatly  from  albumen  ;  it  is  a 
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kind  of  animal  gluten  greatly  refembling  thai  of  flour, 
and  is  more  perfectly  annualized  than  either  albumen  or 
gelatin,  from  it's  pofTcfiing  fo  great  a  proportion  of  azot. 
There  is,  however,  reafon  to  believe,  that  the  prineipal 
difference  between  it  and  gelatin  arifes  from  it's  contain- 
ing a  greater  quantity  of  oxygen ;  and  that  the  vital  power, 
by  caufing  the  gelatin  to  combine  with  a  larger  propor- 
tion of  the  oxygenous  principle,  converts  it  into  fibrin, 
or  oxygenated  gelatin  :  this  conclufion  is  greatly  fup- 
ported  by  the  obfervation  of  Seguin,  who  affirms,  that 
fubflances  capable  of  abforbing  oxygen  deprive  the  fi- 
brous matter  of  it's  folidity,  and  convert  it  into  gelatin. 

From  the  experiments  of  Hatchett,  it  appears,  Rot 
only  that  albumen,  gelatin,  and  fibrin,  differ  very  much 
from  each  other  in  their  relative  proportions  of  faline  or 
earthy  refidue,  but  alfo  in  the  proportion  of  one  of  their 
tffential  elementary  principles,  which  is  carbon;  and  as 
in  vegetables  the  fibrous  part  contains  the  largeft  propor- 
tion of  carbon,  fo  in  animals,  mufcular  fibre  appears  to 
contain  the  greateft  quantity  of  it.  It  likewife  far  ex- 
ceeds the  others  in  it's  proportion  of  azot.  Thefe  three 
are  however  eafily  feparated  from  each  other  by  boiling 
water,  whenever  a  fubftance  containing  them  is  expofed 
to  it ;  the  gelatin  is  diflblved,  and  may  be  precipitated  by 
tan,  the  albumen  is  coagulated,  and  the  fibrin  remains 
unaffected. 

From  thefe  three  fubflances,  albumen,  gelatin,  and  fibrin,  form  van- 
in  a  ftate  of  concretion,  either  fingly  or  forming  double  °"^°™bl* 
or  ternary  combinations,  and  more  efpecially  from  their 
different  proportions,  the  organs  of  animals  are  formed. 
They  likewife  compofe  a  great  part  of  the  animal  fluids, 
particularly  the  albumen  ;  in  thefe,  however,  there  is  lefs 
oxygen  and  more  water,  and  they  are  befides  united  with 
acids,  neutral  falts,.  phofphat  of  lime,  &c.  Gelatin  is 
very  fparingly  found  in  the  fluids,  but  abounds  in  the 
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folids,  and  it  appears  to  receive  it's  gelatinous  nature  on 
palling  from  the  firft  into  the  laft.  It  is  -alio  more  abun- 
dantly found  in  young  animals  ;  on  the  contrary,  age  is 
more  adapted  to  the  formation  of  fibrin,  old  animals 
containing  a  greater  proportion  of  it.  It  is,  however, 
the  albumen  that  appears  only  to  undergo  any  particular 
alteration  from  difeafe,  at  lead  in  the  blood.  Parmentier 
and  Deyeux  affirm,  that  this  change  in  the  albumen  be- 
came particularly  fenfible^  in  the  ferum,  which  in  a  ftate 
of  difeafe  never  acquired  that  complete  concretion  on 
expofuce  to  heat,  which  always  took  place  in  healthy 
ferum ;  but  a  certain  quantity  of  liquid  feparated  on  fim- 
ple  decantation.  The  morbific  action  had  no  influence 
in  thefe  cafes  upon  the  gelatin  or  fibrin. 


OSSEOUS  MATTER. 

The  fourth  fubftance  that  is  joined  to  the  above  three 
in  various  parts  of  animals  is  the  offeous  matter  -3  it  forms 
a  considerable  part  of  the  animal  body,  particularly  of 
the  folid  organs,  and  is  the  great  bails  of  fupport  to  the 
animal  fabric.  In  young  animals  it  is  in  fmall  quantity, 
but  increafes  in  proportion  to  the  age  ;  and  when  an  ani- 
mal has  obtained  it's  proper  proportion  of  this  offeous 
matter,  it's  organization  is  completed,  whilft  as  age  ad- 
vances, a  fuperabundant  quantity  is  depofited  in  almoft 
every  part  of  the  body,  giving  rife  to  the  rigidity  of  the 
different  organs ;  and.  as  the  fibrin  in  fome  meafure  gives 
place  to  it,  the  functions  become  greatly  impaired  ;  hence 
what  was  wanting  to  add  folidity  in  infancy,  and  produce 
it  in  the  adult,  in  old  age,  by  it's  great  accumulation, 
renders  the  fyftem  incapable  of  acting  with  it's  accufv 
iomed  agility.     Of  all  the  parts  of  the  body  the  bones 
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contain  the  largeft  quantity  of  this  matter,  whence  it 
has  derived  it's  name  of  ojfeous ;  the  original  texture  of 
thefe  organs  being  membranous  and  porous  like  a 
fponge,  the  ofleous  matter  is  depofited  in  it,  forming 
thofe  hard  pillars  that  fupport  all  the  other  parts  of  the 
animal  machine.  It  is  not,  however,  only  prefent  in  the 
bones  of  man,  quadrupeds,  and  birds,  but  alfo  in  thofe 
of  fifh,  and  even  in  the  fkeletons  of  infects.  This  ofTc- 
ous  matter  is  an  earthy  fait,  or  the  phofphat  of  lime,  a 
nearly  infoluble  fubftance ;  for  an  account  of  which,  vide 
bones. 

The  component  parts,  therefore,  of  animal  fubftances,  component 
may  be  divided  into  two  kinds,  the  proximate>  and  re-^"ss'l^° 
mote. 

lft.  The  proximate  parts,  or  thofe  matters  that  may  be  1.  prox;_ 
feparated  from   animal  fubftances,  without  their  organi-  mate  pam*  - 
zation  fufFering  much  change,  are  albumen,  gelatin,  fi- 
brin, oris,  acids,  poifons,  aromas,  and  colouring  parts. 

2d.  The  remote  parts,  or  thofe  ultimate  component 
parts  into  which  the  proximate  parts  are  decompoled,  parts. 
and  beyond  which  chemical  analyfis  has  not  been  able  to 
penetrate,  are  oxygen,  hydrogen,  carbon,  azot,  foda,  ful- 
phur,  phofphorus,  lime,  and  iron;  and  it  is  from  thefe 
in  different  proportions  and  combinations,  that  the  very 
complex  machine  of  animals  is  formed. 

On  comparing  animals   with  vegetables,  they  appear  Animal 
to  be  only  a  gradual  feries  from  a  more  or  lefs  perfect  Compa.«i 
fyftem  of  organization  ;   and  although  the  one  may  be  ]*jj  ve**" 
eafily  diftinguifhed  from  the  other,  in  their  more  perfect 
forms,  yet  as  we  defcend  towards  thofe  tribes  that  has-e 
been  laid  lo  form  the  limits  between  the  two  kingdoms, 
the  difference  feems  to  vanifh  by  degrees,  and  the  animal 
organization  is  loft  in  that  of  the  vegetable.     There  i- 
great  reafon  to  believe  that  this  (jftange,  which  is  for  the 
moil  part  external  and  ph)  ileal,  i?  equally  gradual  with 
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refpect  to  their  component  parts,  fo  that  their  chemical 

analyfis  may  in  great  meafure  corroborate   the  obferva- 

tions  of  the  natural  hiftorian. 

Diffwence       The  difference  that  cxifts  between  the  proximate  prin- 

the^^roxi-  c'P^es  °f  animal s    and  vegetables  confifts  cither  in  their 

niatepiin-  proportions  or  their  varieties ;  thus 

lft.  Albumen  in  animals  is  found  in  large  quantities, 
whilft  the  juices  of  vegetables  contain  very  little  of  it. 

2d.  Gelatin  in  animals  is  much  fofter,  not  fo  eafily 
dried,  and  has  a  ftronger  tafte  than  in  vegetables;  it  like- 
wife  attracts  humidity  from  the  air,  and  is  more  difpofed 
to  putrefy  than  in  the  laft. 

3d.  Fibrin,  in  animals,  though  analogous  to  the  glu- 
ten of  flour,  has  more  tenacity,  and  they  contain  it  in 
larger  quantity. 

4th.  Fixed  oils,  in  animals,  are  more  concrete,  and 
more  abundant  than  in  vegetables;  and,  according  to 
Berthollet  poffefs  different  characters,  for  animal  oils  give, 
on  diiiillation,  an  alkaline  liquor,  whilft  the  vegetable 
give  an  acid  ;  on  the  contrary,  the  volatile  oils  and  refins 
are  more  abundant  in  the  vegetable  tribes. 

5th.  Acids  appear  to  form  a  great  difference  between 
the  two  kingdoms  :  for  although  fome  of  the  vegetable 
acids,  as  the  oxalic,  malic,  benzoic,  and  acetous,  are 
found  in  animals  ;  and  fome  of  the  animal  acids,  as  the 
febacic,  the  pruffic,  and  the  phofphoric  in  vegetables;  yet 
they  are  in  very  fmall  quantity,  and  the  bombic,  the  for- 
mic, the  lithic,  the  lactic,  faccholactic,  and  the  amniotic, 
are  peculiar  to  animals  only.  The  alkalis  like  wife  are 
different;  in  the  animal  foda  prevails,  in  the  vegetable 
potafh  is  predominant. 

6th.  Poifons  arelefs  abundant  in  animals  than  in  vege- 
tables, and  their  action  is  only  on  the  blood,  whilft  vege- 
table poifons  act  on  the  ftomach.  Animal  poifons  like- 
wife  difpofe  the  body  to  a  more  rapid  putrefaction. 
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7th.  Animal  aromas  are  lefs  agreeable,  and  lefs  various 
than  thofe  of  the  vegetable  kingdom. 

8th.  Animal  colouring  parts,  on  the  contrary,  are 
much  more  fplendid  and  beautiful  than  the  vegetable 
ones. 

9th.  The  difference  in  their  remote  parts  likewife  ap-  Between 
pears  to  arife  more  from  their  proportion  than  any  new      '*   r 
psinciples ;  but  fince  it  is  in  thefe   that  chemifts  have 
founded  the  diitinguifhing  characters,  it  will  be  neceflary 
to  give  it  more  in  detail. 

The  difference  that  conftitutes  the  effential  character 
between  animal  and  vegetable  fubftances,  when  fubje&ed 
to  analyfis,  was  but  very  imperfectly  underilood  before 
the  experiments  of  JBerthollet,  to  whom  we  are  princi- 
pally indebted  for  what  is  known  on  this  fubject.  It 
had,  indeed,  been  obferved,  that  the  action  of  fire,  which 
was  almoft  the  only  chemical  agent  to  which  animal  fub- 
ftances had  been  fubrmtted,  gave  rife  to  products  that 
were  much  more  difagreeable  in  fmell  than  what  arofe 
from  vegetables,  and  that  the  flench  produced  from  thein 
during  putrefaction  was  likewife  equally  intolerable ; 
but  even  Neumann,  one  of  the  molt  enlightened  of  the  i.rno,aoce 
chemifts  of  his   time,  feems  not  to  have  been  aware  of'1  iheoid 

c'uenjiit- 

the  principle  that   conftitutes  the  chief  diftinction,  or  of 
the  origin  of  the  difgufting  and  naufeating  effluvia. 

It  had  been  obferved  by  fome  chemifts,  that  animal 
fubftances  were  not,  however,  the  only  matters  whofe 
fpontaneous  or  artificial  analyfis  by  fire  was  fo  intoler- 
able ;  but  that  certain  vegetables,  particularly  of  the 
cruciform  tribes,  greatly  refemble  them.  Hence  Boer- 
haave  divided  plants  into  two  clafles ;  in  the  firji>  he 
placed  thofe  which  afforded  by  diftillation  water,  an  em- 
pyreumatic  acid  phlegm,  a  little  carbonat  of  ammonia, 
and  a  charcoal.  In  the  fecond,  thofe  which  afforded  a 
fetid  water,  a  very  fetid  empyreumatic   oil,    carbonat  of 
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ammonia,  both  in  a  dry  and  liquid  form,  and  a  charcoal 
of  difficult  incineration.  The  produces  of  the  laft,  it  is 
evident,made  them  approach  very  near  to  thofe  which 
animal  matters  afford,  and  on  this  account  they  were 
called  by  Rouelle  animal  plants,  as  partaking  of  the 
animal  nature;  they  form  by  much  the  fmalleft  clafs, 
comprifihg  mod  of  the  acrid  plants,  fuch  as  tobacco, 
fneezewort,  garlick,  onions,  muftard,  horferadifh,  and  al\ 
the  cruciform  pLants,  except  the  crambe  tataria;  the 
mulberry  likewife  belongs  to  this  clafs.  Beccaria  difco- 
vered  a  fubftance  that  is  nearly  annualized  in  flour  called 
gluten;  and  it  was  found,  that  phofphorus,  which  Mar- 
graaf  had  already  difcovered  in  plants,  always  made  a 
component  part  of  them. 
Reafonof  Chemifts  were,  however,  ftill  ignorant  of  the  reafons 
lt>  of  thefe  differences,   and  it  may  be  eafily  accounted  for, 

on  confidering  how  little  they  were  acquainted  with  the 
action  of  reagents  on  organized  matters,  and  more  parti- 
cularly from   their  want  of  knowing  the  nature  of  the 
gafeous   fluids,  for  the   difcovery   of  the  properties   of 
which  modern  chemiflry  is  fo  juftly  celebrated.     Con- 
]ec"r.ure,  however,  fupplied  the  place  of  facts;  and  it  was 
attributed  to  the  greater  proportion  of  phlogifton,  and  it's 
lefs  firm  combination  with  the  other  principles  of  animal 
Difcovered  matters  than  of  vegetables,  until  Prieflley  made  the  difco- 
by  Fneftly.  very#  jje  found,  on  treating  vegetables  with  fpirit  of  nitre, 
that  befides  fixed  air  nitrous  air  was  produced.     On  the 
contrary,  animal  fubftances  treated  in  the  fame  manner, 
inftead  of  nitrous,  afforded  phlogijlicated  air,     Berthollet, 
Applied  by  taking  advantage  of  this  difcovery,  and  extending  his  re- 
Be«hoi!et.   fearches  on  the  fubiect.,  found,  that  on  eftifftafeing  the  re- 

Azot  lorms  J        '  *  .  ° 

the  great  fults  that  arofe  from  the  analyfis  of  animal  and  vegetable 
berween  the  matters,  the  principal  difference  between  them  was  really 
anim^?nd  owing  to  the  air  which  Prieftley  had  called  phlogifticated, 
■vv.rid.        ai*d  which  he  named,  according  to  the  new  theory,  azot 
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gas.  Hence  to  the  prefence  and  proportion  of  azot  in 
animal  fubftances,  and  to  the  great  quantity  they  in  ge- 
neral contain  are  to  be  attributed, 

1 .  Their  property  of  affording  a  much  larger  quantity 
of  ammonia  than  vegetables,  and  of  giving  fuch  very 
fetid  products. 

2.  Of  affording  a  much  larger  quantity  of  azot  gas, 
particularly  when  treated  with  the  nitric  acid. 

3.  Of  affording  a  great  deal  of  pruflic  acid. 

4.  Of  contributing  Angularly  to  the  formation  of  the 
nitric  acid,  while  the  remaining  remote  parts  of  organized 
beings  contribute  to  make  their  divifion  and  difference 
ftil!  more  evident;  thus, 

5.  Oxygen,  which  is  in  very  fmall  quantity  in  animals, 
abounds  in  vegetable's ;  on  the  contrary, 

6*.  Hydrogen,  phofphorus,  and  fulphur,  are  more 
abundant  in  animals,  and  it  is  from  the  different  pro^ 
portions  of  thefe  parts  that 

Animals  are  more  fubjecT:  to  the  putrid  fermentation  \ 

Vegetables,  to  the  fpirituous  fermentation: 

Animals  afford  an  alkali  $ 

Vegetables  an  acid  : 

Animals  have  a  coal  of  difficult  incineration  ; 

Vegetables,  of  eafy  incineration. 

The  predominancy  of  the  quantity  of  azot  in  animal 
fubftances  is  therefore  looked  upon  by  chemifts  as  the 
efficient  caufe,  that  more  particularly  difliriguifhes  them 
from  vegetables,  more  fo  than  the  greater  or  Iefs  propor- 
tion of  any  of  their  other  remote  parts  y  the  fimple  ve- 
getable is  even  faid  to  be  entirely  without  it,  and  to  con- 
fiftj  according  to  Lavoifier,  only  of  the  three  principles, 
oxygen,  hydrogen,  and  carbon,  azot  being  only  prefent 
in  thofe  vegetables  that  are  more  or  lefsanimalized.  Azota 
however,  exifts  in  different  proportions,  even  in  animals. 
Gelatin  affords  the  leaft  quantity  of  it  $  albumen  has  it 

YQU  II,  H  n 
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in  larger  proportion  j  but  of  all  the  parts  of  an  animal4,, 
the  fibrin  affords  the  moft.  It  differs  likewife,  according  to 
the  age  and  fpecics  of  the  animal ;  thus  the  flefh  of  young 
animals  affords  lefs  than  that  of  old,  the  difference 
amounting  even  to  f ,  The  flefh  of  carnivorous  animals 
gives  fomevvhat  more  than  that  of  the  frugivorous  clafs; 
fifties  afford  it  more  readily  than  quadrupeds,  and  it  always 
is  perfectly  correfpondent  to  the  quantity  of  ammonia 
produced  by  the  action  of  fire. 
Conclufion.  From  this  principle  being  wanting  in  vegetables,  it 
may  be  concluded,  that  if  animal  matters  be  deprived 
of  it,  they  will,  in  fome  meafure,  be  brought  back 
to  the  ftate  of  vegetable  matter;  and  that  to  animalize  the 
laft,  it  is  neceffary  to  add  azot :  and  this  is  effected  by- 
nature,  in  the  firft  i.nftance,  in  the  decomposition  of 
animal  bodies  by  putrefaction  5  and  in  the  fecond,  when 
fhe  compofes  them  by  animalization.  Chemiflry,  lefs 
perfect  than  nature,  has  arrived  at  prefent  only  at  the 
means  of  performing  the  firft  procefs,  or  of  reducing 
them  to  a  lefs  complex  ftate  by  analyfisj  to  compound 
them  again,  or  produce  animal  matters  from  vegetables 
by  fynthefis,  fhe  has  at  prefent  been  utterly  incapable, 
the  principle  of  life  not  being  at  her  difpofal. 

Fourcroy's  Elements  of  Chemiftry,  vol.  4. — Anfangf- 
grunde  der  Chemie  von  G.  Friedr.  Hildebrandt,  3  b. 
Erlangen,  1794 — Memoircs  de  FAcademie  Imperiale  et 
Royale  des  Sciences  et  Belles  Lettres  a  Bruxelles,  par  von 
Bochaute,  torn.  4.  1783.— Berthollet  fur  la  Nature  des 
Subftances  Animales  Sc  fur  leurs  Rapports  avec  les  Sub- 
ftances  Vegetales,  Mem.  de  l'.Acad.  Royal,  p.  331.  An, 
1785 — Philofophie  Chimique,  par  A.  F.  Fourcroy.  p. 
13.  ed.  van  Mons.  Bruxelles.  An.  3.  de  la  Republique. — 
M/moire  fur  l'Exiftence  de  la  Mature  Albumincufe 
dans  ]es  Vegetaux,  par  Mr.  Fourcroy.  Annal,  de  Chimie, 
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p.  252.  torn.  3. — Recherches  pour  fervir  a  l'Hiftoire  du 
Gas  Azote,  ou  de  la  Mofette,  comme  Principe  des  Ma- 
tures Animates,  par  Monf.  Fourcroy.  Annal.  de  Chi- 
mie,  v.  1 .  p.  40. — Experiments  and  Obfervations  on  dif- 
ferent kinds  of  Air,  &c.  by  Jos.  Prieftley,  L.  L.  D. 
F.  R.  S.  vol.  iii.  p.  17.  1790,  Birmingham. — Chemical 
Experiments  on  Zoophytes,  with  fome  Obfervations  on 
the  Component  Parts  of  Membrane,  by  Charles  Hat? 
chcttjEfq.  F,  R.  S.    Phil.  Trans.  1800. 
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The  parts  of  animals  hitherto  examined  have,  with 
very  few  exceptions,  been  taken  from  the  human  fubject, 
and  thofe  animals  which  Daubenton  has  placed  amongft 
the  quadrupeds,  and  there  now  remains  to  give  an  ac- 
count of  the  products  that  have  been  extracted  from 
oviparous  quadrupeds ;  ferpents,  infects,  and  worms. 
The  imperfect  manner  in  which  the  analyfis  of  thefc  four 
laft  clafTes  has  been  made,  prevents  their  being  introduced 
in  the  preceding  divifion ;  for,  as  in  general,  the  whole 
animal  has  been  the  fubject  of  the  procefs,  it  would  be 
impoffible  to  afcertain  to  what  particular  part  the  pro- 
ducts obtained  ought  to  be  attributed. 


OVIPAROUS    QUADRUPEDS   AND   SERPENTS. 

Oviparous  These  animals  have  in  general  a  ftronger  odour  or 
Indfer-0  S  faiell  than  the  parts  of  that  clafs  of  quadrupeds  already 
Pc,5ts'  examined;  they  are  found  to  contain  a  much  larger 
proportion  of  faline  matter,  affording  a  large  quantity  of 
volatile  alkali,  after  having  been  triturated  with  oil  of 
tartar,  and  fubmitted  to  diftillation  by  a  gentle  heat. 
Amongft  thefc,  the  tortoife,  the  frog,  the  toad,  the 
lizard,  the  viper,  and  the  fnake,  have  been  employed  in 
medicine,  either  by  regular  practitioners,  or  by  quacks  ; 
and  great  virtues  have  been  attributed  to  them  in  the  cure 
of  different  difcafes,  but  a  more  experienced  age  ha? 
nearly  exploded  their  ufe. 
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It  appears  from  the  experiments  of  Thouvenel,  that 
thefe  animals,  on  analyfis  by  heat,  afforded  a  jelly,  which 
"was  more  or  lefs  light  and  vifcous;  a  pungent,  bitter,  and 
deliquefcent  extract ;  an  albuminous  concrefcible  fob- 
fiance;  an  ammoniacal  fait;  and  an  oily  fubftanceofa 
peeuliar  talte  and  fmell,  part  of  which  was  foluble  in  al- 
cohol. 


INSECTS*  Infects. 


ANTS. 


This  induftrious  animal,  fo  noted  for  the  care  of  it's  Ants. 
eggs,  by  conveying  them  to  receive  the  warmth  of  the  fun, 
and  carrying  them  off  on  his  difappearance,  or  on  the 
approach  of  rain,  and  fo  much  celebrated  for  it's  repub- 
lican mode  of  government,  has  already  prefented  a  pe- 
culiar acid  to  the  chemift,  called  the  formic  acid ;  it  now 
remains  to  give  an  account  of  it's  other  properties.  It 
appears  to  be  an  omnivorous  animal,  living  on  grain,  the 
fweet  juices  of  vegetables,  and  the  fleihy  parts  of  ani- 
mals. From  this  laft  circumftance,  the  anatomift  is  fur- 
nifhed  with  an  alliftant,  by  which  he  may  obtain  the 
fkeletons  of  fmall  animals,  worked  in  an  exquifitely  neat, 
beautiful,  and  perfect  manner,  and  far  furpaffing  any 
thing  than  can  be  executed  by  the  art  of  man.  The  ani- 
mal, whether  frog  or  moufe,  muft  be  enclofed,  for  this 
purpofe,  in  a  wooden,  or  other  box,  perforated  with  a 
number  of  holes,  and  placed  in  or  near  an  ant-hillock; 
and  it  will  be  found,  that  in  a  few  days  every  part  of  the 
animal  will  have  been  devoured  except  the  bones  and  li-. 
gaments. 

This  animal  has  been  fuppofed  to  furnifh  a  fubftance 
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of  a  refinous  nature,  formerly  ufed  in  medicine,  and 
thought  to  poffefs  peculiar  virtues;  it  is  found  in  pieces, 
on  fearching  the  ant-hill,  and  was  diftinguifhed  by  the 
names  Of  wild  frankincenfe,  fuffimentum  filveftre,  thus 
germanicum,  maftix,  and  ele&ruttv  formicarum;  but  on 
a  more  exact,  examination,  it  appears  to  be  nothing  elfe 
than  the  common  refin  of  the  fir,  at  the  roots  of  the  old 
trees  of  which  thefe  animals  generally  lodge  ;  their  rea- 
fon,  however,  for  collecting  it,  is  unknown.  Accord- 
ing to  Neumann,  ants  are  deftroyed  by  ftrewing  a  large 
quantity  of  unflacked  lime  about  their  hills. 

Neumann^  in  his  analyfis  of  this  infect  by  heat,  dif- 
tilled  two  parcels  in  a  retort;  the  one  confided  of  ants, 
from  which  water  had  been  previoufly  extracted  in  bain, 
mar.,  then  exficcated  ;  the  other  parcel  was  compofcd  of 
frefh  ants.  Twenty-four  ounces  of  the  firft  afforded  him 
fqur  ounces  and  half  of  empyreumatic  oil,  three  ounces 
end  half  of  urinous  fpinr,  two  drachms  and  half  of  con- 
crete volatile  fait,  one  drachm  of  fixed  alkaline  fait,  and 
eight  ounces  of  earth  ;  whilft  no  acidity  was  obferved 
during  the  proccfs.  The  fame  quantity  of  the  fecond 
afforded  eleven  ounces  two  drachms  of  an  acid  fpirit, 
fix  ounces  fix  drachms  of  an  urinous  fpirit,  one  ounce 
and  half  of  empyreumatic  oil,  one  drachm  and  half  of 
concrete  volatile  fait,  and  nearly  three  ounces  of  earth 
remained,  which  gave  half  a  fcruple  of  fixed  fait.  Ano- 
ther circumftance^  befides  that  of  the  total  elevation  of 
the  acid  by  diftillation,  even  in  bain,  mar,,  occurred  to 
this  chemift,  for  having  extracted  fome  fpirit  of  wine 
from  a  quantity  of  ants,  and  cohobated  the  fpirit  upon 
two  or  three  frefh  parcel s>  he  found  fwimnrng  upon  the 
diiiilled  liquor  a  fine,  clear,  efiential  oil,  a  phenomenon 
extremely  rare  in  the  animal  kingdom,  and  which  was 
corroborated  by  obtaining  the  fame  by  diftillation  with 
water.    This  effential  volatile  oil,  obtained  by  digeftioa 
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With  the  fpifit  of  wine,  forms  the  fpirit  of  magnanimity 
of  Hoffmann.  This  aethereal  oil  was  already  known  to 
Sperling.  Margraaf  likewife  obtained  it ;  but  Rouelle 
was  fcarcely  able  to  obferve  a  trace  of  it ;  twelve  ounces 
only  gave  him  a  drop.  Hermbftadt,  on  diftilling  fixteen 
ounces  of  ants  with  three  times  the  quantity  of  water, 
obtained  one  drachm  fix  grains  of  it.  According  to 
Thouveliel,  ants  on  analyfis  afford  produces  flmilar  to 
bodies  from  the  vegetable  kingdom,  ift.  Averyfharp 
volatile  acid.  2d.  A  volatile  oil,  refembling  the  efTential 
oil  of  plants.  3d.  A  fat  oil,  which  is  not  attacked  by 
alcoliol,  and  refembles  fat  vegetable  oil.  4th.  An  ex- 
tractive matter,  partly  folublein  water,  partly  in  alcohol. 
£th.  A  web  or  mining  fubftance,  without  tafte  or  fmell, 
which  flightly  tinges  fpirit  of  wine,  and  the  nature  of 
which  is  not  known. 

From  the  experiments  on  ants,  it  appears,  that  they 
confift  of  an  acid,  which  is  very  volatile;  an  efTential 
oil  extracted  by  alcohol  in  very  fmall  quantity  5  a  fixed 
oil,  three  drachms  of  which  are  extracted  bv  boiling, 
and  then  preffure,  from  one  pound  of  ants,  which  is  of  a 
greenifh  yellow  colour,  congeals  at  a  much  warmer  tem- 
perature than  olive  oil,  and  which  refembles  wax  ;  and  an 
extract  :  this  lad  is  taken  from  the  evaporated  decoction, 
is  of  a  reddifh  brown  colour,  has  a  fetid  odour,  is  acid, 
bitter,  and  naufeous  to  the  tafte,  of  a  cafeous  confidence, 
and  is  feparated  into  two  parts  by  the  uiceemve 
application  of  water  and  alcohol.  The  parenchyma  of 
the  animal,  deprived  of  thefe  fubftances,  amounts  nearly 
to  three  ounces  two  drachms  per  pound, 
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CANTHARIDES. 


This  fpecies  of  infect  is  well  known  from  it's  flimu- 
lating  property  of  raifing  blifters,  and  hence  it  is  em- 
ployed in  the  practice  of  medicine.  It  is  of  a  bright 
mining,  greenifh,  golden  colour,  with  a  blueifh  hue.  Can- 
tharides  wereformerly  brought  from  Spain,  and  hence  ob- 
tained the  appellation  of  Spanim  Flics,  but  they  are  pro- 
duced in  great  numbers  in  France,  Germany,  and  other 
parts  of  the  continent.  It  is  principally  from  the  am  and 
the  poplar  they  are  collected.  The  ufual  method  of  kill- 
ing them,,  according  to  Neumann,  is  by  the  fleam  of 
diftilled  or  ftrong  vinegar;  but  Lewis  obferves, ,  that 
vinous  fpirits,  as  they  are  ufed  for  the  curation  of  mille- 
pedes, are  much  better  calculated  for  the  deftrucYion  of 
eantharides,,  as  well  as  of  all  other  infects  ;  for  the  fteam 
of  alcohol,  or  the  liquor  itfelf,  when  fprinkled  upon  them, 
is  not  only  an  immediate  deftroyer,  but  has  likewife  the 
property  of  preserving  them  from  decay.  The  flies  arc 
afterward  dried,  and  made  into  parcels,  fo  as  to  be  fe- 
cured  from  the  air.  By  long  keeping,  however,  they 
fall  by  degrees  into  a  grayifh  or  browniih  powder,  and 
in  this  ftate  are  unfit  for  ufe,  their  intrinfic  quality  be- 
ing found  to  perim  with  their  external  form.  The  moft 
durable  are  the  wings,  which  remain  entire  after  the  body 
of  the  infect  has  mouldered  into  dull:. 

Cantharides,  when  frefb,  have  a  ftrong  fetid  fmell; 
when  applied  to  the  tongue,  they  make  no  impreflion 
upon  it,  but  in  a  fhort  time  a  degree  of  acrimony  and  a 
kind  of  pitchy  tafte  are  difcovered.  Applied  to  the  fkin, 
they  raife  a  blifter  upon  the  part.  The  ftimulating  power 
of  this  infect  has  been  attributed  to  an  acrimonious  cauf- 
tic  fait  $  but  according  to  Neumann,  experiment  does 
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not  difcover  any  faline  principle  to  be  prefent  in  their 
composition,  fince  the  action  of  a  ftrong  heat  produce* 
only  the  fame  volatile  alkali  common  to  all  animal  fub- 
ftances.  They  communicate  all  their  activity  to  vinous 
fpirits,  without  lofing  any  of  their  form,  and  their  native 
principles  Neumann  affirms  to  be  a  refinous,  a  gelati- 
nous, and  an  earthy  matter,  whilft  the  principle  in  which 
their  activity  folely  and  wholly  refides  is  the  refin.  This 
refinous  extract  is  acrid  and  naufeous  to  the  tafte,  and 
blifters  the  fkin  like  the  fly  in  fubftance,  whilft  the  gela- 
tinous matter  freed  from  the  refinous,  is,  like  the  earthy 
part,  infipid  and  inactive.  On  diftillation,  this  chemift 
obtained  on  an  open  fire,  from  three  ounces  of  the  infect, 
one  ounce  of  urinous  fpirit,  two  drachms  of  empyreu- 
matic  oil,  and  two  drachms  ten  grains  of  volatile  fait. 
The  caput  mortuum  weighed  ten  drachms,  and  when 
calcined,  and  elixated,  fcarcely  afforded  one  grain  of  fa- 
line  matter. 

According  to  Lewis,  this  infect  communicates  nothing 
©f  it's  fine  green  colour  either  to  water  or  fpirit  of  wine. 
It  renders  the  firft  of  a  muddy,  yellowifh,  or  browdfh 
colour,  and  is  deprived  confiderably  of  it's  beauty.  The 
fecond  it  renders  of  a  bright  yellow,  and  itfelf  becomes 
more  beautiful  and  brighter  than  before.  The  active  part 
is  equally  extracted  by  both  menftrua,  the  gelatinous 
fubftance  rendering  the  other  foluble  in  water,  the  fame 
as  the  gummy  parts  of  vegetables  do.  the  refinous.  Ex- 
tracts made  from  them,  according  to  this  chemift,  blif- 
tered  equally  alike,  and  as  effectually  as  the  cantharides 
in  fubftance,  but  the  two  refidua  were  equally  inac- 
tive. 

According  to  the  experiments  of  Thouvenel,  cantharides 
confift,  lft.  Of  a  parenchyma,  the  nature  and  properties 
of  which  he  has  not  determined,  and  which  amounts  to 
half  the  weigkt  of  the. dried  infect,     2d.  Of  one  fourth 
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of  a  reddifh  bitter  extractive  matter,*  refembling  that  of 
ants,  and  which  affords  an  acid  on  diftillation.  3d.  A 
fmall  quantity,  amounting  to  about  twelve  grains  in  the 
ounce,  of  a  yellow,  oily,  or  rather  wax-like  matter, 
which  produces  the  golden  yellow  colour  of  the  infect* 
4th.  Sixty  grains  of  a  green  oily  fubftance,  analogous  to 
wax,  of  a  (harp  tafte,  and  in  which  the  odour  of  this  in- 
fect principally  refides. 

This  fubftance,  on  diftillation,  gives  a  very  penetrat- 
ing acid,  and  a  concrete  oil,  refembling  wax.  Water  dif- 
folves  the  extract*  the  yellow  oil,  and  even  a  little  of  the 
green  oil ;  but  ether  attacks  only  this  laft,  and  may  be 
fuccefsfully  employed  to  feparate  it  from  the  others.  The 
virtue  of  the  cantharides  feems  to  depend  on  this  kind  of 
green  wax.  Many  experiments  have  convinced  thi$ 
chemift,  that  the  extract  fo  envelopes  the  oily  part,  as  not 
to  be  entirely  foluble  in  fpirit  of  wine ;  hence  to  obtain 
this  laft  at  the  fame  time  with  the  extractive  matter,  fo 
as  to  form  in  general  a  tincture  well  charged  with  thefe 
infects,  it  is  neceftary  to  ufe  equal  parts  of  alcohol  and 
-  water  mixed  together.  On  diftilling  this  mixed  tincture, 
the  alcohol  that  is  extracted  preferves  a  flight*  odour  ef 
the  cantharides,  and  the  different  matters  it  held  in  folu* 
tion  feparate  from  each  other  in  proportion  as  the  eva- 
poration goes  forward. 

From  bees  and  wafps  this  chemift  obtained  likewife  a 
fat  matter  refembling  wax,  but  the  extract  he  found  to 
differ  from  that  of  ants  only  in  tafte  and  colour.  With 
refpect  to  the  May  bugs,  (meloe  profcarabeus  &  maialis) 
according  to  GeofTrOy,  they  contain  much  oil  and  vola- 
tile fait;  and  Thouvenel  obtained  from  them  a  very 
ftinking  fluid,  a  colouring  matter,  an  extract,  and  a  fat 
fubftance  that  difib!ved  in  alcohol  and  ether.  This  Jaft 
be  found  to  act  particularly  on  the  fkin. 

According  to  Accum,  the  yellow  matter  depofited  in 
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velTels  containing  fpiders,  preferved  in  alcohol,  is  a  true 
wax,  and  it  may  be  obtained  from  thefe  animals  by 
gently  heating  them. 


WOODLICE. 


We  are  informed  by  Neumann,  that  on  diftillation  of 
thefe  infects,  watery  liquors  extract:  conliderably  more 
that  fpirituous.  It  had  been  commonly  fuppofed  that 
this  infect  contained  a  nitrous  falt^  from  it's  living  in  cel- 
lars, and  other  places  impregnated  with  nitre  ;  and  hence 
it  was  ufed  in  medicine  in  different  difeafes ;  but  this 
chemift  was  not  able  to  extract  any  of  this  fait  by  ana- 
lyfis.  A  more  exact  examination  of  thefe  infects  has 
been  made  by  Thouvenel,  which  prefented  him  with  pe- 
culiar properties.  By  diftillation  on  the  water  bath, 
without  addition,  he  found  them  to  afford  an  infipid  and 
alkaline  phlegm,  fometimes  effervefcing  with  acids,  and 
changing  violet  limp  green;  in  this  operation,  they  loft 
five  eighths  of  their  weight.  Treated  afterward  with  water 
and  alcohol,  they  afforded  two  drachms  of  foluble  mat- 
ter in  the  ounce,  of  which  more  than  two  thirds  was 
extractive  matter,  and  there  remained  an  oily  or  waxy 
fubftance.  Thefe  two  products  are  eafily  feparated  by 
ether,  which  diffolves  the  laft  without  touching  the  ex^ 
tract.  Thefe  matters  differ  from  thofe  of  ants  and  can- 
tharides,  by  affording  more  carbonat  of  ammonia,  and 
no  acid  in  diftillation,  &c.  It  is  obferved  by  this  che- 
mift, that  amongft  infects,  the  woodlice  appear  to  have 
the  fame  relation  to  ants  and  cantharides,  that  oviparous 
quadrupeds  and  ferpents  have  with  refpect  to  real  or 
viparous  quadrupeds.  The  neutral  falts  contained  in  thefe 
infects  are  very  fmall  in  quantity,  and  difficult  to  extract. 
He  obtained,  however,  muriats  of  lime  and  of  potaftu 
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WORMS. 

(Forms,  Earth  worms,  or  lumbrici,  are  the  Inhabitants  more 

particularly  of  moift  fat  grounds,  and  are  not  fond  of  dry 
fands,  in  which  they  are  rarely  or  never  feen  $  after  rain, 
they  rife  to  the'  furface  to  enjoy  the  moifture,  when  they 
fall   a  prey  to  different  birds,  and   this  is  the  beft  time 
of  collecting  them.     Reaumur  propofes  their  collection 
in  order  to  feed  domefcic  fowls  inftead  of  grain,  comput- 
ing that  they  exceed  in  quantity  that  of  every  kind  of 
grain  reaped  by  man.     They  were  formerly  ufed  in  me- 
dicine, but  as  they  foon  become  putrid  on  account  of 
their  copious  flimy  juice,  it  is  necefiary  for   prefervation 
immediately   to  dry  them  either  before  the  fire  or  fun. 
We  are  informed  by  Neumann,    that  if  thefe   earth- 
worms be  moiftened  with  wine  or  vinous  fpirits,  to  pre- 
vent their  putrefaction,  and  placed  in  a  wide  mouthed 
glafs,  in  a  cellar,  they  are  in  3  few  days  almoft  wholly 
refolved  into  a  flimy  liquor.     He  found  that  on  digeftion 
of  frefh  worms  in  water  or  rectified  fpirit,  the  quantity 
of  extract  obtained  from  the  firft   is  not  only  greater  in 
quantity  than  from  the  fecond,  but  the  collective  quan-> 
tity  extracted  by  both  menftrua  was  greater  when  water, 
than  when  fpirit  was  flrft  applied.     He  found,  that  wa- 
tery liquors  extracted  likewife  more  from  woodlice,  and 
confiderably  more  than  fpirituous-  ones,    although  the. 
quantity  of  matter,  foluble  in   either,  was  not  nearly  fo 
large  in  them   as  in  the  earth  worm.     When  dried,  and 
diftilled  in  an  open  fire,  they  afforded  him  a  volatile  uri- 
nous fpirit,  concrete  volatile  fait,  empyreumatic  oil,  and 
the  remainder,  -after  incineration  and  lixiviation,   gave  a 
fixed  alkaline  fait.     If  putrid  before  diftillation,  the  pro- 
duct is   almoft.  merely  a  phlegm,  or  only  a  very  littlr 
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oil,  and  volatile  fait.  According  to  Thouvenel,  earth*' 
worms,  as  well  as  woodlice,  conftantly  afforded  him 
the  muriats  of  lime  and  of  potafr,  whilft  in  ants  and  can* 
tharides  thefe  two  bafes,  the  firft  of  which  always  ap- 
peared to  him  to  be  more  abundant,  are  united  to  an 
acid,  which  has  the  character  of  the  phofphoric.  It  is 
neceflary  however  to  obferve,  that  this  chemifl  has  nei- 
ther defcribed  the  methods  of  extracting  thefe  falts,  nor 
the  procefles  he  employed  to  afcertain  their  nature. 

Neumann's  Chemiftry  by  Lewis. — Thouvene-1  Ana- 
lyfe  des  Infe&es,  Hift.  dc  la  Soclete  de  Medecine  de, 
Paris,  p.  33  i.  1776.— -fourcroy's  Elemens^  torn.  4« 
fit*  edit.  Paris,  1791. 


SSD    OF    VOI,.    JI, 


Printed  by  J.  Crowder  and  E.  Hcmfted,  Warwick-Square 


BINDING  SECT.  OCT  6    1971 


QD  Johnson,  W       B 

24.8        History  of  the  progress  and 

Jb  present  state  of  animal 

v.2  chemistry.  1$03 


Physical  & 
Applied  Sci. 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 

UNIVERSITY  OF  TORONTO  LIBRARY 


